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National Center to Improve the Quality of Technology,
Media and Materials: Research Synthesis
Design of effective media, materials and technology

for deaf and hard-of-hearing students
Kaplan, H. Mahshie, J, Moseley, M J., Singer, B., Winston, E.

Executive Summary

The purpose of this research synthesis is to review and summarize research findings

and descriptive articles pertaining to media, materials and technology (MMT) which provide
access to education of deaf and hard-of-hearing children from early childhood through eighth
grade. The goal of the research synthesis is to use research findings and expert opinion to
present guidelines and criteria for what constitutes optimal tools for this purpose.

The research synthesis deals with the following areas:

1. Assistive technology for education, including listening, visually based, and
computer systems
English language development and enhancement
Development and educational use of American Sign Language (ASL)
Speech development
Receptive skill developinent (audition and speechreading)

' . . -
Communication strategies

N o LN

Orientation and training to use hearing aids, assistive listenring devices and
cochlear implants.

For each area, criteria and guidelines for optimal tools, critique of existing materials,
and developmental needs are discussed. Limitations and restrictions of the research are also

discussed in each section.




The research synthesis does not include media, materials and technology pertaining to
parent education, use of interpreters, and curricular areas such as math, reading, social studies,
science, music, art, health education, drug and sex education. Media, materials and
technology for deaf adult leamers, postsecondary instruction, vocational education, transitional
programs, and adolescent substance abuse programs are not included. Materials to develop
manually coded English and Cued Speech are also not included.

The target population includes ail deaf and hard-of-hearing children from preschool
through grade 8 with prelingual and later onset of hearing loss ranging from mild to
profound. The document is relevant to manual, oral, English and ASL communicators and
applicable to cral, total communication, bilingual/bicultural (ASL), Cued Speech, self
contained and mainstreamed programs.

The research syntheses were based on computer searches of data bases covering the
period from January, 1981 to June, 1993, including CATS, ERIC, Dissertation Abstracts,
Washington Research Library Consortium, Periodical Indexes, and Newspaper Abstracts.
Computer and manual searches of the following periodicals were conducted: Volta Review,
American Annals of the Deaf, Journal of the Academy of Rehabilitative Audiology, Gallaudet
Deafness Collection, Perspectives in Education and Deafness, Educational Technology,
Educational Technology Research and Development, Computer and Education Journal, The
Computer Resource Quarterly for People with Disabilities, and other selected curricula and
books. In addition to these sources, the syntheses draw from the research and clinical
experience of the authors as well as contact with selected individuals, currently working with
deaf children.

ASSISTIVE TECHNOLOGY FOR EDUCATION

The following general considerations for development of quality visual or auditory
MMT for deaf and hard-of-hearing children appeared in the few documents that were found:

1. Information should be presented in picture or graphic form whenever feasible.

Text should be kept to a minimum.

2. MMT should be developed that is specifically for deaf and hard-of-hearing

children, rather than adapting technology developed for hearing children.

3. MMT that schools can afford should be developed.

2
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Visual Technology

Apple microcomputers and associated software are used in the vast majority of
programs for deaf and hard-of-hearing children. Very few software programs, however, are
designed specifically for deaf or hard-of-hearing children and those that are, are not
necessarily more effective that adapted programs. Continued development of educational
software programs for deaf and hard-of-hearing children is needed, with more use of IBM
computers. Captioning systems need to be more user-friendly, with more open-caption
software programs designed for use by students. Teachers report that successful software is
characterized by the following features:

1. A game-like format with high-resolution graphic displays to motivate students

2. Graphic reinforcement for correct answers rather than word displays (eg. clown

jumping and clapping)

3. Positive feedback to correct mistakes (eg. “try again”)

4.  Minimum amounts of text

5. Al auditory features accompanied by visual components (eg. graphic display)
6. Menu-driven programs should to lessen the need for adult involvement

7. Extensive use of visual prompis

8.

Foolproof keying so that hitting the wrong key will not cause the program to re-

boot or exit the document

9. Fiexibility so that the same program can be used for & variety of subjects and at

different lcvels of ditficulty.

10. Modifiability of programs (eg. ability to add specific vocabulary)

Use of computer assisted notetaking as an educational 100l for large group applications
where notes are being projected onto a screen should be increased. More word processing
programs are needed with large font sizes and the ability to change sizes and fonts. User-
friendly keyboard expansion software programs, quieter keyboards, quieter overhead
projectors, and overhead projectors that work well when the lights are on are also needed.

Increased use of interactive video ix desirable.  Additional captioned educational

videodisc programs should be developed using mualtimedia environments. Digital equipment




needs to be made available at affordable prices, including tools for creating multimedia
captions.
Auditory Technology

Induction loop systems are being used in educational settings, but are limited by
spillover problems. Oval Window Audio has developed the 3-D Induction loop system to
minimize this problem. Development of such innovative products should continue. Standards
for induction loop systems and hearing aid telecoils are needed.

FM systems are the most widely used auditory technology used in education. They
should contain the following features:

1. Individual controls for adjusting frequency response and output of system.

2. Auxiliary micropho:e input capabilities for movie projectors, multiple

microphones, and other sources.

3. Binaural reception

4. Easy to see and read low battery indicators

b

A switch allowing for selection of environmental microphone alone or teacher's
microphone alone.

6. Directional microphone for the teacher

7. Voice-activated microphone mixing system for multiple speaker situations

8. Ability to switch between carrier frequencies on both receiver and transmitter

9. Automatic recharging and shut-off capabilities when in ti.~ storage/charging unit.
10. Ability to operate with a disposable 9-volt as well as a rechargeable battery.
Soundfield amplification systems have been found to be useful in the classroom as

supplemental listening systems to enhance the signal/noise ratio. They can be used for

hearing, hard-of -hearing, and leaming disabled children and are significantly less expensive
than individual FM units. However, they cannot guarantee the fidelity provided by the

personal FM system, which should be the technology of choice for children with severe to

profound hearing loss.




RECEPTIVE SKILL DEVELOPMENT
This synthesis deals with deaf and hard-of-hearing children. Not included are children
with central auditory processing disorders, auditory leaming disabilities, deaf-blindness or

other disabilities in addition to deafness.

Although review of the literature revealed essentially no research data on guidelines

and criteria for MMT, there was a considerable amount of discussion based on expert opinion.

The following discussion and recommendations are based largely on this expert opinion.
Auditory Skills

Auditory training programs should include activities to-develop skills in the following
areas: detection, localization, selective attention, memory/sequencing, discrimination of
suprasegmental and segrﬁental speech features, closed-set and open-set identification of
speech and environmental sounds, comprehension, figure-ground skills, voice monitoring, and
use of suprasegmental information.

Both analytic and synthetic activities should be included. but the focus should be on
language based activities using real life situations. Auditory training activities should be
integrated with language training, speech production and speechreading. Some activities may
be unimodal but audiovisual integration should be a priority. Discrimination training,
especially activities using non-linguistic materials. should be minimized.

All activities should be interactive, meaningful, intrinsically rewarding, provide for
individual adaptation, and allow for expansion and remediation strategies, as needed.
Curricula and programs should include assessment procedures and provide individual
programming.

All auditory training activities are predicated on the proper use of hearing aidx.
Therefore, all auditory skills curricula should include hearing aid orientation activities which
teach parents and children realistic expectations of their hearing aids, how the hearing aid
functions, proper use and care, ability to perform daily visual and listening hearing aid
checks, and ability to troubleshoot malfunctions.

Similarly, curricula need to include orientation to assistive listening systems.
particularly FM. There is a need to incorperate objectives and activities into school curricula

and a need for studies evaluating the benefits of such taming.
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Although most schools for deaf and hard-of-hearing children have developed auditory
skills curricula, several of which have been disseminated, for the most part these curricula usc
an analytic, bottom-up approach. There is a need for synthetic, language and situation based
programs suitable for natural conversational or language experience approaches in the
classroom, using materials that are suitable for the language competence and interests of &
wide range of children. Simulated or actual real life situations need to be utilized to a much
greater extent than curmrently exists.

Although most auditory skills curricula contain hearing aid orientation objectives and
activities, there is a notable absence of orientation and training materials for assistive devices
and cochlear implants. Only one comprehensive cochlear implant curriculum for adults
(Cochlear Corporation) was found and this is not readily available to schools. Aural
rehabilitation is essential to the successful use of the increasiiig numbers of cochlear implants
being fitted to deaf children. Comprehiensive training programs incorporating orientation
activities, top-down and bottom-up auditory and audiovisual training integrated with speech
production activities are needed. Of particular importance are materials to help families and
children develop realistic expectations of the benefits of cochlear implants.

Voice telephone and TTY training involve auditory skills, speech production, language
skills, ommunication strategies, use of assistive devices, and informational counseling.
Although several curricula have been developed for adults, only one program for elementary
school children has been identified. This program does not contain speech production
activities nor instruction in use of third party relay systems. Telephone training curricula, in
print and interactive video form, are needed for children.

Speechreading and Communication Strategies

Speechreading programs for children should also be primarily language based, using
meaningful real life experiences. Speechreading should be integrated with auditory, receptive
and expressive communication strategies training. Programs should include training in
assertive behavior and conversational strategies. Although several top-down curricula have
been developed and disseminated by the Pre-college programs at Gallaudet University, there

is need for additional curricula incorporating a synthetic, interactive, integrative focus.

12




Connective discourse tracking is an excellent activitity for developing speechreading,
audiovisual, and communication strategies skills. It can also be used to improve speech
intelligibility. There is need for development of age and language appropriate tracking
materials for childfcn.

Interactive videodisc technology can be used for auditory skills, speechreading, and
communication strategies training. It is interactive, highly motivating, can provide immediate
feedback, and can individualize instruction by tailoring stimulus presentation to the child's
responses. Tye-Murray and colleagues have developed several videodisc programs for
children which contain both analytic (bottom-up) and synthetic (top-down) progmms._ There
is need for additional programs which focus on real life situations. Much of the printed
curricular materials, including tracking activities, can be adapted to video tecinology.

ENGLISH LANGUAGE DEVELOPMENT AND REFINEMENT

In order to effectively use the linguistic code of English, the language leamer must
have knowledge a..d expertise in the areas of:

1. Semantics or meaning (eg. vocabulary, figurative or nonliteral language)

Syntax and morphology {word order/grammatical information)

Phonology (sounds)

Eal o

Pragmatics or the appropriate use of language. This includes the ability to get or
give information, use the conventions of conversations such as initiation or
termination of a *opic of conversation, and provide sufficient information to a
conversational partner to assure understanding of the message (taking the
perspective of the receiver).

Children learn the various aspects of language through interaction with a primary
caretaker through natural play and daily routines. Lack of auditory input provides incomplete
access to the form of language and may effect the ease with which pragmatic aspects of
English are learned. Children with hearing loss need to be given continuots opportunities to
participate and use language through communicative interaction with others in their
environment. At the same time, they may need structured assistance in refining specific areas

of language.

13
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Materials are reviewed in the synthesis which are representative of the available
programs currently used with deaf and hard-of-hearing children. Reading curricula, language
materials used for teaching content information, and MMT used for training memory,
problem-solving, inferencing, etc. are not included.

The most commonly used materials for parent-infant work are the SKI-HI materials
developed at the University of Utah. The program includes screening, referral, diagnosis,
psychosocial support for parents, and parental language facilitation skill development in the
home. Although longitudinal research in the efficacy of this program is in process, no
published research is available. The results of needed programmatic research in the field of
language devélopment of deaf children should play an active role in the development of new
materials.

Programs for school-age deaf and hard-of-hearing children tend to focus on a
structural approach to written English in contrast to the focus on natural verbal language at
the preschool level. Teacher emphasize specific skill areas, particularly syntax and grammar,
at the school level. The Apple Tree program is reported to be widely used as an instructional
language guide. Few programs in the areas of vocabulary and figurative language have been
designed for children with hearing loss.

Programs to teach semantics are needed which are tlexible in terms of complexity,
cultural differences, interest level, and current experience. Children should not be expected to
master many different figurative expressions in a short period of time.

Computer assisted instruction (CAl) is being used for drill, practice and tutorials. In
addition, it can be used for simulation of real life situations, problem solving activities,
exploration and discovery activities, and instructional games which sharpen note-taking
abilities, ability to follow directions, hypothesis testing, and cause-etfect relationships.
Videodisc technology and hypermedia learning which uses materials that access multiple
senses, facilitate language programming. Several interactive computerized programs for

children loss are reviewed:




ALPHA system which emphasizes exploratory leaming. The child is able to
initiate communication with a teacher about a topic of interest.

Programs at the California School for the Deaf at Riverside designed to improve
students’ understanding of language structures, improve skills in sequencing
events, and build vocabulary.

The ENFI (Electronic Networks for Interaction) gives deaf students at Gallaudet

opportunities to use written English in different ways by engaging in real-time

computer dialogues.

Following are recommendations for future development of MMT for English language

development of children with hearing loss:

I

10.

There is little definition in the literature nor understanding of the best way to
develop English in deaf and hard of hearing children. Therefore, program
developers need to work closely with researchers to identify the most important
elements and ways to use MMT.

Programs need to identify the model on which they are based.

Evaluation procedures need to be built into programs.

Programs should be broad in scope rather than limited to only one aspect of
language.

Focus should bc on a conversational-interactive-functional approach in which
children are involved in dynamic communication.

Age and interest-appropriate materials are needed, including materials representing
experiences specific to deaf chiidren and reflecting cultural ditferences. Materials
need to reflect a range of developmental levels.

Materials need to be integrated into the regular curriculum and classroom
activities.

MMT for children with hearing loss should rely heavily on visual input.
Programmed instruction at the written level should maximize interaction.
Network based programs facilitate social interaction.

Most technological programs are being used with school-age children. MMT are

needed for younger children.

.
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11. Programs should be designed to be modifiable over time to reflect new insights

into language development.
MEDIA, MATERIALS, AND TECHNOLOGY FOR THE DEVELOPMENT OF ASL
This section reviews existing media, materials and technology related to the teaching

of ASL to children with hearing loss. MMT related to English signing systems, Cued

Speech, and the use of sign language interpreters in education are not included.

There are materials that teach ASL to non-native users as a second language and other
materials that teach English as a second language to students already proficient in ASL.
However, there is a dearth of curricula, media, materials and technology for developing ASL
as a first language. The document “Unlocking the Curriculum: Principles for Achieving
Access in Deaf Education” proposes a model for teaching ASL ax a first language during
early childhood and later teaching English as a second language in written form. Early
communication occurs exclusively through sign language, with literacy in English occurring
during later childhood. Students learn to speak and speechread at the time they develop

English literacy. MMT that are recommended as part of this model include:

1. Videotapes for sign language training directed toward both parents and children .
2. Print materials for reading readiness, reading and writing B
3.  Companion print and captioned video materials to accompany standard grade level

content sources
Video materials on deaf people and their way of life
Print and non-print materials for teaching English as a second language

Print and non-print materials for teaching ASL ans

N o e

Interactive videodisc-computer technology for the provision of comparative ASL
and English passages.
Although three bilingual-bicultural programs (ASL. ax & 1irst language) exist in the

United States, it is too early to tell if they are proving any more successful than other types

of educational programming. More program evaluation ix needed.
The most promising materials to date are those using interactive video learning and

videotape series that attempt to develop all aspecis of ASL, not merely lists of vocabulary.

10
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The most effective materials are those that encourage interaction with users of ASL, either

between adult language users and deaf children or between deaf children themselves.
Materials and technology that encourage family members to interact with adult

language models are needed. Videotapes and interactive computer programs for home use

should focus on whole language learning rather than only vocabulary, and should provide

information to hearing family members about how to get « deaf child's attention, how to
interact visually, and how to recognize stages of ASL acquisition in their children. The use

of interact.ve video-conferencing technologies may make it possible for deaf children to

acquire ASL from native signers more effectively.

SPEECH PRODUCTION TEACHING

Sensory information plays a key role in speech acquisition by permitting development
of models and providing feedback to mediate speech change. For many deaf children,
audition is too limited to be adequate as the primary source of feedback; they require
alternate sensory information. Although studies examining the overall efficacy of existing
computer-based speech teaching systems suggest their use contributes 1o speech improvement,
more studies are needed to compare their use to more traditional approaches (eg. Ling).

A promising aspect of computer-based systems is their potential for independent drill
and practice. This is important for many school programs because of reduced class time for
speech development activities. While Lome use is an umportant application of these systems,
safeguards must be taken to limit development of inappropriate speech behaviors resulting
from drill and practice of incorrect patterns.

Tactile devices have been found useful for teaching prosodic production features such
as intonation. Additional wearable devices need to be developed and evaluated as aids to
speech monitoring,.

Existing curricular texts, media, and supportive materials based on the Ling model
need revision to incorporate our current understanding of speech learning by deaf children.
Altemnative or modified approaches to speech teaching with curricula, panticularly those based

on more top-down, synthetic, language-based teaching strategiex, need 10 be described and

developed.

11
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Current technologies focus primarily on suprasegmentals and vowel production or on

elicitation, automation, and some degree of generalization of targets. Speech teaching devices
are needed that focus on consonant production and facilitation of linguistic use. Current
systems are limited in the availability of cues used for development of carryover of skills
taught; greater flexibility in presentation of cues is needed.

Results of needed basic research on the value of diferent forms of feedback need to
be incorporated in speech training devices. Although provision of feedback is the primary
feature of many devices, in most cases they lack flexibility in controlling feedback
parameters. Basic evaluation of tactile and visual feedback devices is needed to determine for
which speech skill areas each type of system is most useful.

More clinical efficacy studies on commonly-used commercially available systems are
needed, including efficacy of programs using combinations of existing technologies.  Such
studies should be child-centered rather than device-centered, since speech production training

needs vary with individual children.

12
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National Center to Improve the Quality of Technology,

Media and Materials: Research Synthesis

Design of effective media, materials and technology for

deaf and hard-of-hearing students
Introduction

Hearing loss of any degree can impact oral and written language skills, with
consequent social, emotional, and academic difficulties. Most deal” and hard of hearing
children have intact nervous systems and cognitive abilities. 1t is possible to lessen the
effects of hearing loss with early and appropriate intervention in the following areas:
language development (English andfor American Sign Language); hearing aids and assistive
technology with proper orientation to their use; speech development; auditory skill
development; speechreading; and use of communication strategies. Communication strategies
are behaviors that people can use to prevent anticipated communication difficulties or resolve
communication breakdown when it occurs.  Although development of normal English
language skills and subsequent academic success are difficult tasks for most deaf and hard of
hearing children, these goals can be facilitated if early appropriatate intervention occurs
(Lenneberg and Lenneberg, 1975; Ling and Ling, 1978) The Education of All Handicapped
Children Act (P.L. 94-142) and the amendments of 1986 (P.L. 99-457) mandate basic levels of
educational and management services for all children with special needs trom birth through

age 21.

Purpose and Goal of Research Svinthesis

The purpose of this research synthesis is to veview and summarize research findings
and descriptive articles pertaining to media, materials and technology (MMT) which provide

access to education of deaf and hard of heating children stwting in ¢aly chikdhood. The
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synthesis has been commissioned by staff of the National Center to Improve the Tools of

Educators (NCITE).

The goal of the research synthesis is to use research findings and expert opinion to
present guidelines and criteria for what constitutes optimal tools to provide access to
education for deaf and hard of hearing children. Hopefully this information will provide the
basis for development and/or improvement of such tools so that academic and social
education becomes more accessible for children with hearing loss.

In addition to guidelines and criteria, the synthesis discusses how well existing MMT meet
guidelines, how they might be modified, limitations of the state of the art, and areas in which
new development is needed.

The research synthesis deals with the following areas as they pertain to deaf and hard
of hearing children:

I. Review of assistive technelogy for education, including listening, visually based,

and computer systems.

2. English language development and enhancement

3. Development and educational use of American Sign Language (ASL)

4. Speech development

5. Receptive skill development (audition and speechreading)

6.  Communication strategies

7. Orientation and training to use hearing aids, assistive listening devices, and

cochlear implants.

For each area, criteria and guidelines for optimal tools, critique of existing materials,
and developmental needs are discussed. In addition, each section includes discussion of
limitations and restrictions of the research and citation of databases accessed in the literature
search.

The research synthesis does not include media, materials, and technology pertaining to
parent education, use of interpreters, and curricular areas such as math, readme, social
studies, science, music, art, health education, drug and sex education  The ages of the deaf
and hard of hearing children addressed in the document range fiom preschool to erade 8.

Therefore, media, materials and technology for deal” adult leamers, postsecondary instruction.

L4
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vocational education, transitional programs, and adolescent substance abuse are not included.
Although materials to develop American Sign Language are included, manually coded English

and Cued Speech are not. Perhaps future synthesis can deal with these content areas.

Target Population

Incidence

According to Flexer (1991), deaf and hard-of-hearing children, including all degrees of
hearing loss from mild to profound, constitute one of the largest populations requiring special
services within the schools. She reports 66,000 educationally handicapped children in the
United States with moderate, severe, and profound bilateral losses. The numbers increase
significantly when children with mild bilateral hearing loss are included.  Various prevalence
rates of deaf and hard of hearing children have been cited in the literature. Freeman et. al.
(1981) and Rodda & Grove (1987) report rates of chronic childhood hearing loss from .1 to
2% of the general population. Hallahan, Keller, and Ball (1986) report prevalence rates for
states from .09 to .35% of all students, with a mean of .19%. Demographic data indicate that
the incidence of profound congenital deafniess has been estimated at approximately .1% of all
births, and the number of school-age hard of hearing children has been estimated at 1.6% of
the school population (Ross, et al. 1991). Ross, et. al. believe that prevalence rates are higher
because these figures do not include those children with very mild or unilateral hearing
losses. The variability of reported prevalence and incidence rates probably reflects
differences in the definitions of “deaf”, “hard of hearing”, and what constitutes hedring loss.
In addition, many of the prevalence figures do not include muiltiply disabled children for

whom hearing loss is a secondary disability.

Characteristics of deaf and hard of hearing children

Definitions

Although complete agreement as to definitions of the terms “deat” and “hard of
hearing” does not exist, the definitions discussed in the following paragraphs have been
accepted by the majority of the deat community. These defmitions are used in this research

svithesis,
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The terms are used differently in a cultural sense compared to medical or audiological
use. Culturally Deaf people consider themselves to be members of a Deaf comm-nity which
may also include hearing people who support the goals of the community. All culturally
Deaf people have some degree of hearing loss, but the loss may be profound, mild to
moderate, or even unilateral. Culturally Deaf individuals communicate visually through the
use of sign language and share a variety of interests, experiences and backgrounds. The
majority of these individuals were born with hearing loss or acquired it early in life (Schein,
1989; Baker and Cokely, 1980).

A deaf individual in the medical or audiological sense is one who experiences
significant difficulty understanding speech through audition alone, with or without
amplification. The deal child’s primary mode of conmmunication is visual involving
speechreading, sign language or both. Audition functions ax a support sense (Amon, 1981
Schein, 1989; Ross, et al., 1991).  The labels "deat™ and “hard of hearing” should not be
applied based solely on the audiogram. A child with a profound hearing loss may tunction
either as a deaf or hard of hearing person.

A hard of hearing individual ix someone who has developed basic communication
skills primarily through the auditory channel: audition serves ax the primary communication
mode, with vision used as a support sense. Most hard of hearing children have more residual
hearing than deaf children and can benefit to a greater degree tfrom amplification in the
understanding of speech. The vast majority of hard of hearing children, however, can benefit
from training in speechreading, communication strategies, auditory skills, speech and/or
language in addition to amplification o communicate etfectively through a spoken language.

There are some children who cannot be neatly categorized ax deat or hard of hearing.
They may function primarily through audition i some sttuanons (eg - discussion ot a known
or restricted topic), but depend primarily on vision for other communication situations,
Although educational needs tend to ditfer depending on whether « child tunctions as deaf or
hard-of- hearing, all children need 10 be evaluated as individuals i the development of
educational plans.

The term "hearing impaived® i< used by sonme people tomean hard ot heanng

Others use the term in o eenceric sense o melude all dearees of heawnmea Toss Becatise of the
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lack cf agreement about the meaning of this term and because the deaf and hard of hearing
communities considers it objectionable, the term “hearing impaired” will not be used in this
research synthesis.

Prelingually deaf or hard of hearing <hildren are those who have acquired hearing
loss before attaining fluency in the spoken language of the home, between two and three
years of age (Schein, 1989). The hearing loss may be present at birth (congenital) or acquired
sometime after birth. Those children who acquire their hearing losses after attaining basic |
fluency in spoken language are considered postlingually deaf or hard of hearing. Prelingually
and postlingually deaf children may have identical audiograms, but often have distinctly
different needs and function very differently. According to a national survey published by the
American Annals of the Deaf (Schildroth & Hotto, 1993) 94% of 32,000 children in the
United States with hearing loss acquired their losses before age three.

Degree of Hearine Loss

There has been some attempt 10 evaluate the effect of degree of hearing loss on
communication and academig achievement. Karchimer, Milone, & Wolk (1979) reported that
degree of hearing loss strongly influences type of educational placement, speech intelligibility,
use of amplification, and the particular communication method the student is likely to use.
They found that 86% of a group of children with hearing losses of 70 dB or less were judged
to have intelligible speech as compared to 55% of another group of children with losses
between 71 and 90 dB and 23% of a third group with losses above 90 dB. Jensema and
Trybus (1978) conducied a survey of deaf and hard of hearing children and reported that as
degree of hearing loss increases, use of sign language increases, speech intelligibility
decreases, usz of amplification increases except for those with the most severe losses, and
residential educational placements become more common. Expressive language in most cases
took the form of speech up to a 70 dB loss; above 70 dB expressive communication was
primarily through speech and sign language or sign language alone.

Several studies have reported decrease in academic achievement with increase in
degree of hearing loss (Davis, Shepard, Stelmachowicz, & Gorga, 1981, Quigley & Thomure,
1968). In a later study, however, Davis, Elfenbein, Schum & Bentler (1986) correlate: degree

of hearing loss and educational petformance for children with various degiees of hearing Toss
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and concluded that degree of hearing loss alone cannot be used as sole predictor for academic
performance. Musselman, Lindsay & Wilson (1988) examined the effects of hearing loss, age,
intelligence, type of educational program, and type of communication in the home on
language and academic achievement. In contrast to the findings of Davis et al (1986), they
found degree of hearing loss tc have the most signifcant correlation with language and
educational achievement.

The literature suggests that although a clear relationship between degree of hearing

loss, communication skills, and academic achievement exists, other factors seem to influence

these relationships.

Age of Onset

Most children with congenital and acquired prelingual hearing losses of 70 dB or
greater experience delays in acquiring receptive and expressive English language skills.
Speech and English language skills of children with less severe losses depend on the degree
of hearing loss and the age at which use of amplification and language training began.

Speech and English lunguage developnient of children with postlingual onset of hearing loss
depends on degree and configuration of hearing loss, how soon after onset of loss intervention
began, developmental level at time of hearing loss, and type of intervention. English
language skills of children who had acquired fluency in spoken language betore acquiring
hearing loss generally do not deteriorate, but speech frequently becomes less intelligible
because of inadequate auditory feedback (Johnson & Evans, 1991).

Deaf children of deat parents who use American Sign Language (ASL) as their normal
mode of communication tend to progress through stages of acquisition of ASL in the same
manner that hearing children progress tlirough stages of spoken language acquisition. Such
children may show delays and ditficulties with the development of English, but it is incorrect
to assume that general language problems exist. These children frequently come to school
with a well formed ASL language base which may be used to help develop English skills.

Few studiex have specifically examined the effects of onset of hearing loss on
educational performance.  Allen and Osborn (1984) compared reading comprehension scores
of students who had incurred hearing loss before age three with others who had lost hearing

after age three. Separate comparisons were made for deaf children who were mainstreamed
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and for deaf children in self-contained programs. Scores of the postlingually deafened
children were higher than those of the prelingually deafened children within the mainstream
educational settings. However, the prelingually deaf children scored higher than their
postlingually deafened counterparts in the self-contained classes. Apparently, age of onset as
a predictive variable was confounded by type of educational program. Further research is
needed to isolate age of onset as a predictive variable .

Language of the Home

The majority of deaf children are born to hearing parents who, in the United States,
use English as their native language. Even when hearing pareuts use sign language in the
home, most signs are in English form. There are, however, a small group of deat children
who are born to deaf parents, most of whom use American Sign Language in the home.

Much of the research since the 1960's documents that deaf children of deaf parents

perform better than deaf children of heuring parents in academic achievement and emotional
adjustment (Moores, 1987; Quigley & Kretschimer, 1982; Schiesinger, 1986; Weisel, 1988). It
is not clear, however, whether this difference is attributable to mode of communication,
hearing status of the parents, degree of heuaring loss, age of onset, or age at intervention.

Vernon and Koh (1971) compared the written language skills and overall academic
achievement of three groups of deaf children: deat children of deaf parents with no preschool
training, deaf children of hearing parents with no preschool training, deat children of hearing
parents with preschool training. ‘Thev found that the children of deaf parents scored higher
than the two groups of children with hearing parents. Vernon and Koh concluded that the
children’s early exposure to American Sign Language resulted in high academic achievement.

Contradictory results were found by Brasil and Quigley (1977). They compared
academic performance and English linguistic skills of two groups of deat adolescents from
total communication progiams. The group whose parents used manually coded English (signs
in English format) in the home scored higher than the group whose parents used American
Sign Language. There was no discussion in the study of whether both sets of parents were
equally competent as signing models.

Corson (1973) compared the reading and wirting skitls of four aroups of deuf( children:

Group one had deal parents and used sten kimauage wt homer Group two had hearine parents

19

ERIC

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

and used sign language at home; Group three had deaf parents and used oral communication
at home; Group four had hearing parents and used oral communication at home. The first
two groups attended total communication programs; groups three and four attended oral
programs. Results indicated that the children of deaf parents outperformed the children of
hearing parents regardless of the mode of comnununication in the home or the type of
educational program. Apparently the use of sign language in the home is not sufficient to
explain the academic superiority of deaf children of deaf parents.

Apparently, the specific language of the home and the specific educational
methodology are not the sole factors responsible for differences in educational performance of
deaf children. Weisel (1988) found that deat children with two deaf parents “showed higher
levels of reading comprehension, were better emotionally adjusted, had better self images and
were more motivated to communicate with both hearing and hearing-impaired people” ax
compared with deaf children having two hearing parents. He suggested that the educational
superiority of the first group of deat children may be attributable to the early and continuous
exposure to sign language and a difference in “family climate” present in the homes with deaf
parents.

Research data suggests that adjustment and attitudes of the family to the hearing loss
and the quality of communication in the home are the primary factors responsible for superior
educational achievement of deaf children. Easy comfortably communication with a deaf child
facilitates development of a rich knowledge/experience base which is a significant factor in
reading readiness. A delayed, impoverished experience base is a major problem for many
prelingually, severely or profoundly deaf children from hearing families.  Therefore,
intervention programs are needed (o help parents accept and adjust to hearing loss and
maximize communication with their deaf chiidren.

Sign Skills of Teachers

One mujor confounding factor in studies which evaluate linguistic and academic
achievement of children in educational programs using sign language is that many teachers of
the deaf do not recognize ihe visual needs of their students. They are not fluent signers and

therefore cannot serve as communication models for then childien. They often have
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difficulty understanding children who are fluent signers in their own classrooms (Marmor &
Pettito, 1979; Kluwin, 1981; Woodward & Allen, 1988).
Reading

Although the intelligence and general ability of deaf students are not different from the
rest of the population, reading achievement has been much lower for deaf children. Based on
surveys carried out since 1969 by the Center for Assessment and Demographic Studies at
Gallaudet University, Quigley and Paul (1986) noted that upon completion of secondary
school the average deaf student performed at the level of an average 9 or 10 year old hearing
student (fourth or fifth grade reading level). They pointed out, however, that there are deaf
students who have achieved reading levels comparable to their hearing peers (Quigley and
Paul, 1989).

An adequate internalized English lunguage system is necessary 1o understand written
English. Although deaf children have the same learning potential as their hearing
counterparts, the considerable delay in development of English language vocabulary and

syntax interteres with learning to read (Quigley and Paul, 1989; Johnson & Evans, 1991).

Types of Educational Proaraims

Communication Methodologies

Oral education, also called aural-oral, does not use sign language. Instead it relies on
developing good use of residual hearing, speechreading, and speech skills through which
students learn and communicate. Some programs rely more heavily on auditory skills, while
others give equal weight to speechreading.  Oral education works best when children have
usable residual hearing and when thare is an existing English language base as with
postlingual deatness. The goal of oral education is complete integration into hearing society.
Disadvantages of this approach are that many children are unable to Tearn a first language
from the limited auditory cues available and that it discourages participation in the deaf
community. Since English language acquisition is delayed and sign language is withheld,
academic achievement is often seriously affected. When oral education works well, it

maxtmizes the wbility of the deat individual to communicate with hearing people.
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Total Communication

Most of the deaf education programs todéy subscribe to the philosophy of Total
Communication. Total Communication requires the use of appropriate aural, manual, and oral
modes of communication to maximize commiunication in all situations with both hearing and
deaf people. Although it does not require simultaneous speech and signing in all or most
situations, speech and some form of sign language is usually used simultaneously. Total
communication practitioners generally use some form of signed English in which American
Sign Language (ASL) vocabulary is presented in English grammatical format. “Signing in
English” may be done in @ number of ways. Although ASL vocabulary is usually presented
according to the grammatical structure of English, some educational programs require that
every English word be signed, while others omit function words such as “a”, and "the”. 1t is
not clear how differenmt modes of “signing English” affect educational outcomes.

Proponents of Total Communication believe that if children consistently see English
represented on the hands as well ax seen on the lips and heard thorough amplified residual
hearing, learning of English language will be facilitated. English presented by the hands can
reinforce English presented oraily. |

Opponents argue that English is not consistently represented on the handst it is often
absent or misrepresented, providing confusing and contlicting signals to deaf children.
Additionally, conversational pacing and phrasing of English is distorted.  Use of selected
grammatical features of ASL can enhance English signing but many hearing users do not
have this knowledge and cannot adequately use the ASL systems. Advocates of ASL alone
argue that signed English systems mix features of two languages, effectively representing
neither.

Total Communication provides flexibility, permitting the instructor to vary the type of
Janguage input from situation to situation. The system works best when Total
Communication is used consistently in the home as well as in the classroom.

Bilingual/bicultural (ASL) prograims

This educational approacut is hased on the premise that American Sign Language with
its unique grammatical structure is the naturally acquired language of deat people. Therefore,
deat children can best Tearn Enelish as o second fanguage in written form using ASLL as the
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language base and as a teaching vehicle. This type of prog.am is being implemented in a
number of residential schools (eg. Indiana School for the Deaf). It requires the sole use of
ASL in ail classes until children demonstrate ASL fluency; at that time English is taught in
written form. Fingerspelling may be used from the beginning and printed raterials may be
used as appropriate, although it is unclear how printed materials are used with young children
who do not know English. Hearing parents are encouraged to use ASL in the home to
supplement classroom communication. Since most deaf children are not exposed to ASL in
the home, it often requires a number of years to achieve ASL fluency. Although bilingual/
bicultural programs advocate amplification, auditory training, and speech training, it is unclear
how listening and speech skills are to be developed in children who are not continuaily
exposed to spoken language.
Cued Speech

Cued Speech is designed to visually represent the sounds of English (or any other
spoken language) rather than words or concepts. It consists of eight finger contigurations
denoting consonants and four hand positions around the face denoting vowels. In running
speech the hand cues are coarticualated with spoken sylables. The hand cues are dexigned to
allow the speechreader to perceive differences between homophenous sounds that would
otherwise look identical on the lips. Therefore, the hand cues in conjunction with the
information on the lips allow a child to clearly see everv zound of spoken English. Children

are expected to match the visual cue with the visible mouth movement and then be able to

acquire the structure of spoken English through natural acquisition processes.

In contrast to sign language, Cued Speech is not a fanguage. but a system to facilitate
reception of the spoken word. It can be learned very quickly and used to facilitate English
language development in the home and school. It does not confuse the two languages.
English and ASL, in any way. Cued Speech ix being used in selected mainstream programs
around the country (eg. Montgomery County, Maryland public schools, Fairfax County.
Virginia public schools), but has received little attention from researchers and has not
received the support of most deaf people and educators. There is a need for research on the

effectiveness of this system as a way of developing reception of spoken English
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Educational Placement Alternatives

Self-contained classes

Self-contained classes for deaf students, either in day or residential schools, represent
traditional educational settings.
Some of these programs are oral while others use some form of English signing or ASL.
They offer highly structured programs. Students attending self-contained classes tend to have
more severe losses than those attending integrated classes (Karchmer and Trybus, 1977). The
children in programs using sign language tend to come from deaf or hearing families that
stress deaf culture. Residential and self-contained day schools tend to have a greater
availability and variety of audiologic and other support services (Kretschimer and Quigley,
1982). They also provide a larger core group of deaf peers for interaction and will sometimes
have deaf teachers as well. Deaf teachers tend to sign more fluently than hearing teachers,
thereby serving as good communication modelx.

Partial Mainstreaming

Partial mainstreaming occurs when a deal child attends some classes with hearing
students and others in a self-contained environmeni, usually & resource room or one-to-one
instruction. In some public school environments, self-contained classes for deat students are
used instead of the resource room. This placement is appropriate for those deaf children who

cannot handle all of the academic material in regular education classes, but function on grade

level for some subjects.

Sacial Mainstreaniing

Al academic subjects are taken in a resource room or classroom for deaf children.
The deaf children, however, are placed in regular-education classes for xuch activities as
music, art and physical education; they are also given the opportunity to interact with hearing
children during lunch and recess.

Full Mainstreaming

When the deaf child is fully mainstreamed, he or she attends a local public school in
which all subjects are taken in regular education classes with reaular education teachers.

Typically the child uses an FM classtoom amplification systemn instead of the personal
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hearing aid and receives educationally related language management. Some children who rely
on sign language may be mainstreamed with the help of a full-time interpreter.

Deaf children in any educational setting rely on vision to access educational material
to a far greater degree than hearing children. Mainstream classrooms may not be designed to
provide total visual access and teachers may not be trained to structure their teaching styles to
provide sufficient visual input. Sign language interpreting, if not used judiciously, may
compete with visual stimuli in the classroom. These factors should be considered when
mainstreaming is contemplated.

Regardless of the type of mainstream program in which a child is placed, subpon
services are needed. Services include classroom amplification, speech, language, and auditory

training, academic tutoring, amplification monitoring, and interpreting.
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ASSISTIVE TECHNOLOGY FOR EDUCATION

Beth Singer, M.S.

A. Literature Search

This research synthesis contains references found from the CATS and ERIC databases.
CATS lists resources owned by members of the Washington Research Library Consortium
(WRLC). ERIC is the on-line version of the databases produced by the Educational
Resources Information Center. ERIC includes two subfiles: Resources in Education (ED),
from 1966 to the present; and the Current Index to Journals in Education (E1}, from 1969 to
the present. Only articles and books published since 1980 are included in this research
synthesis. The literature review for what makes quality media, materials, and technology
(MMT) for deaf and hard of hearing children yielded meager results. Although many

educators of deaf students are using MMT, little of their work has been documented.

B. Visual Technology

1. Microcomputers

Deninger (1985) reports that 96% of state schools for deaf children use computers as
part of their instructional programs. Seventy six percent of all deaf education programs
(including mainstreamed settings and special classrooms) report some instructional use of
computers. Use of computers in school programs has likely increased since the time of
Deninger's study.

Much of the literature focuses on computer-assisted instruction (CAl) in the classroom.
In fact, Braden and Shaw (1987) identify 162 references that focus primarily on the
application of computers for educational purposes. They report that slightly more than 9% of
those references evaluate CAl etficacy, with the majority of the research descriptive in nature.
Braden and Shaw question whether CAl has @ true positive impact on educational
achievement in deaf children compared to alternative forms of instruction. What they term
“poisonous” side effects - decreased interaction among children or between children and

teachers - has not been addressed in the literature.
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Despite Braden and Shaw'’s report, computers are here to stay. Even without hard

documentation, the computer appears to be a perfect tool to use in deaf education, largely
because it is a visual medium. Even if computers and other instructional materials are equal
in effectiveness, there is merit in having students learn to use computers s preparation for
entering the work world.

Apple computers are most prevalent in educational settings, with use of IBM and
compatible computers increasing (Kurlychek, personal communication). Consequently, most
educational software is written for Apple computers, although software for the IBM is also
available.

The ability to hear plays a small part in being able to use a computer effectively. The
audible beep that signals a user to an error is an example of an instance in which audition
might be required. A software program that visually displays the audible beep is available.

It is called SeeBEEP. This program allows the user to run standard text or araphics
applications and not iss any error messages. Each time the computer sounds an audible
beep, the user can choose to have a visual, on-line screen message appear at the cursor
location, or flash the entire screen. Additionally, the flashing beep can be as short as .2
seconds or as long as two seconds. This program works with most {BM or compatible
computers and requires DOS 3.0 or higher. It is available from Microsystems Software, Inc.
of Framingham, Massachusetts.

Apple computers address this situation in a different way. In the newer computers,
(Macintosh and Apple 11 GS), the system software is designed to provide a visual cue when
the volume control is set to zero. With the older Apple lls, a visual indication could only be
obtained if it were written into the computer software program being used. Another possible
way of being alerted to a4 computer beeping sound with Apple I computers is to couple the
sound system of the computer to a flashing light set-up (Moulton, 1993).

The criteria that make educational software effective for a deaf or hard of hearing
child are the same as those for a successtul program for a hearing child. Very few software
programs are designed specifically for deaf and hard of hearing children; those that are, are

not necessarily better or more effective.
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Ken Kurlychek, materials evaluator at the Model Secondary School for the Deaf
(MSSD), developed and maintains the Software Evaluation Clearinghouse for Educators of the
Hearing Impaired (SECEHI). The clearinghouse is an educational software lending- library
with a collection of more than 600 commercially available software programs for Apple and

IBM computers. The collection is listed in a catalog titled, Software to Go. Schools

interested in borrowing software pa.y a nominal annual membership fee. There are currently
110 member schools with 45 schools actively borrowing. Schools may borrow the software
for up to four weeks. Teachers are asked to complete a review form and return it with the
software (Abrams and Kurlychek, 1989). From those evaluation forms, Kurlychek has
compiled a list of features that make a softveare program successful (Kurlychek, personal
communication).

The most frequent réxponxe from teachers was that a particular program was enjoyable
to students. These programs tended to use a game-like format with high-resolution graphic
displays. Programs designed in this fashion motivated the students to use the software and
thereby learn the material. Reinforcement for correct answers was provided by a graphic
rather than a word. For example, a clown jumping and clapping indicates a correct response
as opposed to merely displaying the word “correct” or “good.”  Similarty, positive feedback
should be used to correct mistakes. Large displays of the word “wrong” should be avoided;
some kind of icon encouraging the student to “try again” is preferable.

Text should be kept to a minimum, especially for younger children. The challenge is

to make the instructions readable without being overly simple. Any auditory components of
the program must be modified to include a visual component be it a graphic or sign liguage
display.

Teachers preferred programs that displaved instructions on the screen and lessened the

need for the manual. These programs require minimal adult involvement and allow students
to work more independently. Menu-driven programs are one such example.

Teachers and students preferred programs that use visual cues to provide information
as to what the computer is doing when screens change. Depending on the computer’s speed,
a student may not know that the computer ix loading @ program, processing a response, or

displaying a4 new screen. It is important to inform the student of this, Effective programs
31
ERIC 3

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

will display a message such as “loading”, or “please wait a minute.” These prompts also help
prevent the student from indiscriminately pressing keys to get a response. In addition, a
successful program will have foolproof keying, i.e., hitting the wrong keys will not cause the
program to re-boot or exit the student’s document.

Teachers also liked programs that were flexibie. This means the program could be
used in a variety of subject areas with a variety of students. Teachers liked the ability to
adjust the level of difficulty to match their students’ abilities. They also reported wanting the

ability to modify the program by adding specific vocabulary words.

2. Captioning Systems

Captioning is the process by which the audio track on television shows and .videotupcs
is transformed into text form. Captioning can be closed or open. With closed-captioning, thie
text is encoded onto Line 21 of the vertical blanking interval. All captioned television shows
and videotape movies are closed-captioned. A decoder is needed to retrieve the captions and
make them visitle on the television screen. Until recently, the decoder was a separate piece

of equipment that connected to a television. Today, all televisions at least 13 inches in size

that are manufactured for use in the United States contain a decoder chip, making the decoder

box unnecessary.

Captioning can be a very expensive process, costing from $500 1o 51,000 per program
hour. This is well beyond the budget of most schools interested in having their educational
and training films captioned. Open-captioning is an option for these schools. A decoder is
not necessary to view open-captioned videotapes. The videotape can be played in any
videocassette recorder (VCR). This also allows the original videotape to be captioned in
various ways. Open captioned educational and entertainnient films and videotapes are
available on a free loan basis to school personal. The U.S. Departinent of Educati n funds
this program. Currently the captioned films and videos are distributed by Modern Talking
Picture Service of St. Petersburg, Florida.

Any pre-recorded videotape can be captioned. The equipment needed to produce

open-captions is & computer system and captioning software, two VCRs (one to play the
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original videotape and the other to record the open-captioned tape), a television monitor, and
a decoder.

There are many benefits of in-house captioning. It permits greater latitude in choosing
videotapes and adapting them for educational use. Teachers can create captions appropriate to
their students’ language levels and reading speed. Schools can assemble libraries of captioned
videotapes for everyone to share (Singer, 1991).

Currently there are four companies that produce ‘open-caption software for both IBM
computers (or compatibles) and Apple computers. The companies that produce 1BM
compatible software are Image Logic (AutoCap), The Caption Center (CC Writer) and
Computer Prompting and Captioning Company (CPC-700). Silent Software produces FastCap
software for the Apple. These software programs are menu-driven and easy to use, even for a
novice computer user. The Caption Center has also ]516(111&(1 open-caption software designed
specifically for children. The software is called CC Schools. Research is being conducted to
evaluate its effectiveness. Teachers at the Marie Katzeubach School for the Deat in Trenton,
New lJersey, were shown a demonstration copy of the software and comme...ed on how easy

it was to leam and use. Harkins, 1993)

3. Computer-Assisted Notetaking

Computer-assisted notetaking (CAN) is a technique that uses computer products to
enhance communication access for hard of hearing people. This technique uses a computer
and display to provide live notes of a meeting, lecture, or group discussion. The notes can be
displayved on a computer screen, a television monitor, or projection screen. A transmissive
overhead projector and projection pad are needed to display ti\e notes 0N 4 screen to a group
of people. The notetaker types a summary of what is being said. CAN should not be
confused with real-time captioning, as it is not intended to provide a verbatim transcript, but
rather sumimary notes. Of course, depending on the skill of the notetaker, and the speed at
which a speaker is talking, near verbatim notes are possible (Virvan, 1991).

A computer equipped with & word processing program or text editor is needed to
provide CAN. One advantage of this technigue is that it can be made portable by using a

Kiptop computer 1 is heltpful it the word processing progiam can support ain expansion

[
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software program in the background, such as Productivity Plus (PRD+). An expansion
software program is a time-saving device that allows the notetaker to use abbreviations (i.e.
“hoh” for hard of hearing). When the abbreviation is followed by pressing the ‘Enter’ key, the
full word appears on the screen. People’s names and other frequently used vocabulary can be
pre-programmed into the computer. So that projected notes can be read easily by a large
group, the brightest transmissive overhead should be used. While the projection pad can be
mo’noéhrome, it should be bright, have high resolution, and even contrast.

CAN has become very popular among hard of hearing groups. Ot 103 people surveyed
by the Technology Assessment Program at Gallaudet University, more than 80% reported
watchung the notes. Everyone who watched the notes said the notes ‘vere “very helpful” or
“somewhat helpful.” Only 20 people reported not watching the notes at all because they
could either not see the screen from their seats, could hear the speaker well enough. or found
the notes distracting when trying to speechread the speaker (Virvan, 1991).

CAN may or may not be feasiblé in a K-8 classroom situation. Again, no research is
available that documents the technique’s use with hard of hearing children. Educators should
consider students’ reading levels ax well as the fact that CAN doex not provide a verbatim
transcript of what is said.  Another consideration ix the availability ot a full-time notetaker
who is skilled in processing spoken language into a written tormat.  There are advantages to
using CAN in the classroom. If the notex are saved and printed out, & student can get a hard
copy of the day's lessons, allowing the student to concentrate more on what ix being said
instead of trying to take notex and histen to the teacher at the same time. Several colleges and
universities have expressed an interest in exploring CAN for their students. A university
setting might be more conducive tor this tvpe of suppor service (Virvan, 1993).

The Technology Assessment Program (TAP) at Gallaudet University and the
Rehabilitation Engineering Center (REC) at the Lexington Center in Jackson Heights, New
York, are collaborating on a project to test the teasibility of remote CAN tor meeting and
lecture situations. For remote notetaking, a notetaker would provide notes without having to
travel to the location of the meeting or lecture. The notetaker would hear what the speaker is

saying through a telephone link-up. The notetaker's computer would be connected to a
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modem so that the notes could be transmitted for display. This would address th< issue of
finding a skilled notetaker in a given locale.

Unlike CAN, real-time graphic display (RTGD) is a computer-based system that
converts phonetic shorthand into print in real-time. Stinson et al. (1988) surveyed hard of
hearing and deaf college students enrolled in classes using RTGD along with sign language
interpreting and paid student notetakers. During lectures, a stenotypist inputs the phonetic
shorthand equivalent of what is being said. The system converts the code to print which can
be displayed on a television monitor, a projection screen or be printed as hard copy.

Students reported higher ratings of understanding with real-time text as compared to
interpreting. The students from & mainstream educational background were more likely to
prefer the RTGD compared to students from rexidential xchool settings. Their conclusicn was
that students who are highly skilled in reading, writing and speechreading were more likely to
prefer the RTGD over an interpreter. Stinson et al. emphasize that these students are
proficient skilled readers. These findings further support the idea that CAN and RTGD are
support services requiring higher reading skill levels than those normally found in the K-8
population.

However two of the products used tor CAN, the transmissive overhead projector and
projection pad, can take on other applications in deaf education. Any computer screen can be
displayed onto a projection screen with thix equipment. This might be usetul for teachers
who want to display charts, computer menus, and any combination of text and/or graphics

being used for instruction purposes.

4. Interactive Videodisc

The advent of interactive videadise systems in education has allowed students to
become active leamers instead of passive learners. Interactive videodises are very tlexible,
providing for random access, endless repetition, and the ability to freeze a single frame while
maintaining high clarity. Entire movies, filmstrips, pictures, and books can be stored on one
disc. Information can be presented at the user's own pace and level. These chatacteristics
make interactive videodise ideal tor deat and hard of heanng students who often have

difficulty mastering the interactions between language and action. Through the use of this
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technology, language concepts can be represented visually (Propp, Nugent, Stone, & Nugent ,
1981; Jones, 1986; Helsel, 1988).

The equipment necessary for interactive video are a computer processing unit and
display monitor, a videodisc player, and an interface card to connect the video machine with
the computer. A printer is optional.

The Media Development Project for the Hearing Impaired (MDPHI) at the University
of Nebraska was one of the first groups to develop, produce, and evaluate videodisc programs
for deaf students. MDPHI's series of discs was designed to teach language development,
social studies, and fingerspelling. One of its first discs, “Israeli Boy: Life on a Kibbutz,”
used multimedia to include teacher guide materials, vocabulary instruction, filmstrip-type
sequences and interactive quiz sections. This disc was evaluated with students and teachers at
the Iowa School for the Deaf and the Nebraska School for the Deaf. Students reportedly had

no difficulty using the technology, and it was concluded that videodisc was an eftective tool

for education (Propp et al., 1981).

Another program, developed at the Pennsylvania State University by Prinz and Nelson
was designed to teach literacy skills to deaf preschool children. Known as ALPHA, the
program was originally designed as a CAl program using computer-generated animation to
teach English grammar skills. The videodisc version, developed in 1987, uses videodisc
motion sequences instead of computer generated animation to add a greater degree of realism.

For example, ALPHA can show the ditference between “cat chases ball” and “cat chases
rabbit.” Prior to interactive videodiscs, a teacher's only option would be to use a still picture
to demonstrate this noun-verb sequence. With ALPHA, the noun-verb interactions come to
life, eliminating the need for abstraction (Helsel, 1988).

One major benefit of interactive video in deaf education is that it allows for bilingual
language instruction for deaf children. American Sign Language (ASL) video can appear
with an accompanying English language text. This is the format used with /HandsOn/, one of
the newest videodisc programs to combine sign language and English. /HandsOn/ is a joint
research venture with IBM's Thomas J. Watson Research Center in New York and the

University of California at Sun Diego. Currently being used at the California,School for the
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Deaf at Fremont, it allows students to go back and forth between an ASL video and English
print version of a story. lIts design is based on the premise that students work best when
presented with options and when allowed to make their own decisions. Students can choose
to read a story, watch a story, caption a story or review vocabulary. Results of some initial
evaluations of the /HandsOn/ program show students answering reading comprehension
questions significantly better after using the program (Hanson & Padden, 1989; Copra, 1990).

Another disc developed by MDPHI was encoded with closed captions. This disc
demonstrated the possibility of videodiscs having closed captions. Jones (1986) notes an
advantage of captioned interactive videodiscs over captioned videbtzxpes in relation to reading
speed and comprehension. It is an accepted fact that one cannot read as fast as one can
listen. Despite the push for verbatim captioning, captions are often edited 1o allow for a
comfortable reading level. In an educational setting, this can result in oversimplification, with
the student receiving minimal linguistic benefits. When interactive videodise programs are
used, a single frame can be frozen to.allow the student to read an entire verbatim caption.
The linguistic content is maintained and the student can proceed at his/her own rate.

King (1993) reports that the availability of captioned multimedia programs remains a
problem for deaf and hard of hearing people. More entertuinment than educational programs
are captioned on videodisc. Even when videodisc programs are closed captioned, problems
exist when they are used in an interactive environment. Captions embedded in analog video
can be garbled or disappear temporarily or permanently when viewed randomly.  Sometimes
the captions appear over scene changes or are out of svie with the program’s audio.

King further states that despite these problems, the future of video is digital, rather
than analog. Digital audio is both relatively easy and inexpensive to create. This poses a
major obstacle for computer users who depend on visual access and cannot tike advantage of
digital audio’s widespread use. King mukes a case for multimedia developers to include
captioning in their products. According to the Americans with Disabilities Act (ADA) of
1990, reasonable accommodations need to he made tor disabled people  Second. she states
that captioning can be helptul to more than deat and hard of hearing people Many speakers
of English as u second lunguage can read cuptions to trv to improve thew English language

skills. Captioning is also being used in muoseum exhibits, and the new decoder chip

[
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televisions can be used in bars and other noisy environments to provide access to the spoken
word when conditions make it difficult to hear.

King (1993) lists three conditions that are necessary before captions can routinely be
included in multimedia programs: “provision of captioning capacity within the muitimedia
environment, tools for creating multimedia captions, and extensive use of captioning

capacities.” (p. 8)

C. Auditory Technology

Assistive listening devices and systems (ALD) are used to increase the sighal-to-noise
ratio in difficult listening situations. Close placement of the microphone to the sound source
helps to negate the adverse effects of reverberation, background noise, and distance. The
original signal is delivered to the listener's ear. Rosx et al. (1982) measured noise levels i
45 classrooms under normal conditions (i.e. children prexent). They found the average noise
level to be 60 dB (A) with a standard deviation of 7 d13. This supports the tact that
classrooms can have poor acoustics for optimum listening. When a person with a hearing
loss is in this environment, the situation is even worse. Any amplification system that is
selected for use with a deaf or hard of hearing child should provide ax much as possible of

the important acoustic speech features in the highest quality signal.

I, Induction Loop Systems

Induction loop systems consist of an audio power amplifier that i~ connected 10 a
cable, or loop. The loop is placed around the perimeter of a room. or & section of & room.
The amplifier receives the signal via a microphone, tape recorder, or other source. The signal
is converted into an electrical signal, amplified, and then sent through the foop. The signal is
transmitted in the form of electromagnetic energy that can be received by the telecoil in a
hearing aid or by a personal induction receiver. The listener must be seated within the looped
area to receive the amplified sound.

Large area induction loop svstems can be permanently mstatled in theaters or

churches, or be portable for use in meeting rooms or lectwre hatls, Small wrea imduction foop

A~
-
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systems are also available for use at work to loop a meeting table, or at home to loop an area
to watch television.

Some benefits of induction systems are that they are relatively inexpensive, and it is
easy to use and troubleshoot. They require a minimum amount of equipment because the
listener uses hisfher own hearing aid set to the telecoil position. One drawback of an
induction loop system is that weak spots in the loop cause the transmitted signal to be
inconsistent in strength. Another disadvantage is that the electromagnetic signal travels
through walls causing interference in adjacent areas with a loop. This is referred to as
spillover. One other weakness of the system is that it does rely on an individual's hearing aid
telecoil. Many smaller hearing aids do not have telecoils, and for those that do, it is usually
the ‘weak link’ of the aid. If a person’s telecoil is malfunctioning or weuk, the loop will not
be effective. N

Induction ]06p systems are being used in K-8 classrooms. There ix no documentation
to support their effectiveness in this situation; all reports are anecdotal. Induction loops are
often used in communal areas such as auditoriums and large lecture halls where spillover is
not a consideration.

One company, Oval Window Audio of Nederland, Colorado, has addressed the
spillover and weak signal problems by developing a 3-D loon system. The cables of the 3-D
loop system are embedded in a special mat that is placed under carpeting. Because the three
loops are oriented at different anglex, the 3-D loop system provides better field uniformity,
resulting in a constant and clearer signal. Spillover is minimal allowing adjacent rooms to be
equipped with the 3-D loop system (Hendricks & Lederman, 1991).

Another innovative product by Oval Window Audio is the Multisensory Sound Lab.

It is an audio system that amplifies sound while simultaneously providing visual and
vibrotactile displays. Sound signals from microphones, musical instruments, tape recorders,
compact disc players, and other sources are processed and directed to loudspeakers and a
specially designed vibrating floor. The tloor vibrates slowly or quickly, dependir.z on the
sound frequency. Intensity and rhythm are also perceived through the floor. There are two
ways to visually display the signal. One is via a spectrum analyzer that displays the

harmonic content on @ color television as vertical bars. changing in location and height

39




ERIC

Aruitoxt provided by Eic:

depending on the sound characteristics. The other is via a seven-foot column consisting of

three banks of colored lights that respond 10 different sound frequencies and intensities.
The Multisensory Sound Lab was created to teach the science of sound to deaf

students. Other applications, for hearing students as well as deaf and hard of hearing

students, include speech therapy, music instruction and science education.

2. FM Systems

Frequency modulation (FM) systems are the most versatile of all the listening devices.
FM systems work on the same concept as FM radio waves. The Federal Communications
Commission (FCC) has reserved the frequency band from 72 to 76 MHz for FM use. This
allows for 40 narrow-band channels and 10 wide-band channels. With FM, the primary
signal is picked up by a microphone, optimally placed six inches from the intended sound
source. The signal is then converted into an electrical signal which is modulated and
transmitted on a radio wave to an FM receiver. The receiver demodulates the signal into an
acoustic signal that the person can hear. FM can be used in conjunction with a personal
hearing aid via direct audio input (DAI), a personal neckloop or with headphones.

FM systems have many advantages. They provide high fidelity gain with low
harmonic distortion and a high signal-to-noise ratio. There is great tlexibility in their
electroacoustic fitting. The sound pressure level of the teacher’s voice can be controlled. FM
systems are portable, which allows for greater student and teacher mobility, and can be used
indoors as well as outdoors.  Spillover is not a factor with FM systemis as it is with induction
loops (Pimental, 1981, Berg, 1980).

Many studies have focused on the frequency response of hearing aids when coupled to
EM systems (Van Tassel, et al. 1980, Berg, et al. 1983). Hawkins (1984) compared several
different hearing aid/FM system combin;ui('m.\ with mine school-aged children vith mild to
moderate hearing losses. He reports an improvement of +12 1o +18 dB in the signal-to-noise
ratio using an FM system instead of & hearing aid alone. Even with preferential seating, he
noted an FM advantage. The preferred classroom hearing aid arrangement was binaural

amplification with a directional microphone.
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Ross et al. (1982) strongly support the use of FM auditory trainers with all hard of
hearing children in order to maximize their speech perception. They cite an earlier study by
Ross, Giolas & Carver (1973) where word discrimination scores were obtained on 11 hard of
hearing students in two test conditions. The first condition was with their regular monaural
or binaural hearing aids. The second was with an FM auditory trainer. Word discrimination
scores improved 12%-76% in the second condition. These results present a strong case for
the use of FM in the classroom.

Maxon et al. (1991) conducted two surveys to see how FM systems were chosen, used
and accepted. Sample 1 was polled during the 1981-82 school year and Sample 2 was polled
during the 1988-89 school year. Their questionnaire had three parts, addressing school
personnel data, attitude data and child descriptive data. Some key findings of their surveys
showed that children and their parents were not included in the decision making process
regarding which FM to evaluate and purchase. Once an FM system was deemed necessary, it
was often selected by the school administrator based on the lowest bid submitted.

The audiologist was the person responsible for adjusting the electroucoustic
characteristics for the FM system, but not responsible for selecting and maintaining the
system. This role of the audiologist did increase in Sample 2.

Both samples reported that FM systems were more likely to be accepted by elementary
school children than junior or senior high school students. One way to remedy this situation
1S to set up support groups, as advocated by Leavitt (1991). These groups can be valuable for
demonstrating and promoting the use of the assistive technology.

Maxon's survey also showed that full-time FM use declined in Sample 2 as compared
to Sample 1. Along with this, daily troubleshooting only occurred 50% of the time. This is a
disturbing finding as breakdown can be a major reason for not accepting or using the FM on
a full-time basis.

It is obvious that fitting a child with an I'M system does not ensure success.  In an
educational setting, much of the student’s success with the device will be based on the
teacher's ability to use the device appropriately and correctly. The educational audiologist

alxo needs 10 be well versed in the technology being used. Annual in-services were reported
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to be insufficient by Maxon's samples. They requested more frequent training for monitoring

malfunctions.

3. Soundfield Amplification Systems

Soundfield amplification refers to the use of a public address (PA) type system to
amplify an instructor’s voice in a classroom situation. Using this system, the signal-to-noise
ratio at the listener’s ear can be enhanced by +12 dB, provided the ambient noise level in the
classroom does not exceed 60-65
dB A (Berg, 1986). This type of auditory technology can be used with hearing, hard of
hearing, and leaming disabled children.

Sarftf (1981) describes the Mainstream Amplitication Resource Room Study (MARRS)
conducted on fourth, fifth, and sixth grade students with minimal hearing loss in southern
lilinois. One objective of the study was to determine it the students” educational deficits, as
measured by standardized achievement tests, could be corrected in a mainstream school
program. One of the intervention strategies used to achieve this objective was a soundfield
amplification system. The soundfield amplification system consisted of a unidirectional
microphone and a wireless transmitter worn by the teacher. A wireless transmitter receiver, a
power amplifier, and two 12-inch loudspeakers were installed in the classroom. This
treatment was compared to using the school’s standard curriculum in a resource room setting.
While pre- and post-treatment scores showed botl treatments to be effective, the soundfield
situation was more effective.

The increase in scores was more pronounced with the fourth to fifth grade groups than the
fifth to sixth grade groups. Sartf suggests that the use of soundfield amplification may be
most effective in younger children.

Some other advantages to using soundtield amplification in the classroom are that all
children can benefit from the increased signal-to-noise ratio, not only hard of hearing
children. Likewise, hard of hearing children are not singled out from their hearing peers.
Teachers also reported liking the system because they did not have to strain their voices to be
heard. They said amplification lessened their fatigue and allowed them to move around the

classroom more easily.
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Jones (1985) also examined the effects of soundfield amplification in kindergarten
classrooms. In this study, groups of hard of hearing and hearing students were seated in the
middle of a classroom. They were asked to mark multiple-choice pictures in response to the
words they heard from a tape recorder. The tape recorded words were presented in three
different ways: Treatment A (from a desk in a corner of the room with no amplification
provided), Treatment B (from a desk close to the center of the room with no amplification
provided), and Treatment C (from a desk in a comer of the room with the sound being
delivered to two ceiling speakers through soundfield transmission). The lowest mean
listening percentage was obtained from the hard of hearing students in the Treatment A
condition. This suggests that listening problems can exist in kindergarten classes when
teachers are speaking at a distance from hard of hearing students. These listening difficulties
may be diminished by having the teacher move closer to the students when speaking, or by
using a soundfield amplification system. Even with preferential xeating, however, only 83%
of the original signal is received (Leavitt & Flexer, 1991).

Although soundtield amplification has proven to be successtul in specific situations, it
would not routinely be the educational amplification system of choice. Leavitt (1991)

cautions against using soundtield systems to guarantee reception of a high fidelity signal.

Leavitt strongly advocatex for a distance of six inches between the teacher's mouth and the

child’s ear. The only way to achieve thix ix by using an FM system.,

D. Recommendations

Listed below are some general considerations when developing quality MMT for deaf

and hard of hearing students:

Visual - Be ax visual ax possible. Present information in picture or graphic form
whenever feasible. Text should be presented in simple language and
kept at @ minimum.

Accessible - Develop MMT that is initially accessible to deaf and hard of hearing
students, instead of adapting the technology to fit their needs afterwards.

Thix helps raise awareness and keep costs down.
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Affordable - Develop MMT that schools can afford. School budgets are getting

tighter, not bigger.

Listed below are some specific recommendations for developi.ng quality MMT for deaf

and hard of hearing students:
Microcomputers
- More integration of IBM computers in education
- Include built-in visual indicators
- Continued development of educational software programs containing the
following features:
- Game-like formats with high resolution graphics
- Graphics for reinforcing correct answers

- Graphics for positively encouraging correction of mistakes

- Minimum of text and text in simple language
- Menu-driven programs
- Visual cues as to what the computer is doing

- Ability to be modified for use with ditferent skill levels

Captioning Systenis
- Develop more user-friendly, open-caption software programs for IBM and
Apple computers

- Develop more open-caption software programs designed for use by students

Computer-Assisted Notetaking

- Increase use and applications of existing technology

- For large group applications where notes are being projected onto a screen,
develop more word processing programs that have large font sizes and the

ability to change sizes and fonts

Develop user-friendly keyboard expansion software programs

Develop quieter keyboards and overhead projectors
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following:

- Develop overhead projectors that work well when the lights are on

Interactive Videodisc

- Develop more captioned educational videodisc programs

- Continue to develop ASL/English videodisc programs for bilingual education
- Provide digital equipment at affordable prices

- Provide captioning capability within multimedia environment (King, 1993)

- Provide tools for creating multimedia captions (King, 1993)

- Investigate feasibility of developing materials using CD-ROM and related

technology (Loeding & Abraham, 1993, Lipton & Goldstein, 1993)

Induction Loop Systems
- Develop standards for induction loop systems and hearing aid telecoils

- Continue to develop innovative products like Oval Window Audio 3-D

induction loop system

FM Systems

- Promote development and use of universal cord and boot systems for direct
audio input coupling of personal hearing aids to FM system

- Build systems to be more durable, reliable and easy to use and operate

Ross, et al. (1982) and Leavitt (1991) suggest that FM systems contain the

- Individual controls for adjusting frequency response and output of system.
Provide auxiliary microphone input capabilities for movie projectors, multiple
microphones, and other sources
- Allow for binaural reception of environmental sounds
- Eusy to see and read low battery indicators
Switch allowing for environmental microphone only, and teacher’s microphone
onh

Directional microphone for teache
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- For multiple speaker situation, voice-activated microphone mixing system
- Ability to switch between carrier frequency on receiver and transmitter
- Automatic recharging and shut-off when in storage/charging unit.

- Ability to operate on 9-volt battery as well as rechargeable battery

Soundfield Systems

- Install soundfield systems in classrooms to be used as a supplemental listening

system
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RECEPTIVE SKILL DEVELOPMENT

Harriet Kaplan, Ph.D.

o rurpe

This section of the research synthesis is concerned with the development of auditory
skills, speechreading, and related communication strategies. Material is included on
orientation to and use of technology essential to optimal use of these skills (hearing aids,
assistive listening devices, and cochlear implants).

The following databases, covering the period from January, 1981 to une, 1993) were

used for this synthesis:

1. ERIC
2. Dissertation Abstracts
3. Volta Review

4. American Annals of the Deaf
5. Journal of the Academy of Rehabilitative Audiology
6. Gallaudet Deatness Collection
7. Perspectives in Education and Deafness
In addition, selected curricula and books were manually reviewed.

This synthesis deals with deaf and hard-of-hearing children fromi preschool through

grade 8. Not included are children with central auditory processing disorders, auditory
learning disabilities, deaf-blindness or other disabilities in addition 10 deafness.

Although review of the literature revealed essentially no rescarch data on guidelines
and criteria for media, materials and technology, there was a consideruble waimount of expent
opinion. Therefore, the following discussion is based largely on expert opmion, including the

author's own experience.
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Development of Auditory Skills

Development in hearing children

Auditory skills development in hearing children is based on three sequential and
overlapping levels of perception (Aslin and Smith, 1988). The most basic is the sensory
primitive level in which the child becomes aware or detects the acoustic signal. The second
level involves development of perceptual representations; the child uses sensory patterns to
discriminate differences between sound features. The highest level is the cognitiveflinguistic
in which the perceptual representations are organized into meaningful units. This level
involves the skills of word recognition and sentence comprehension.

Each of these levels contains sub-categories (Laughton & Hasenstab (1993).  The
sensory primitive level includes not only awareness but also localization of the source of the
sound, selective attention to the wanted sound, and sustained attention which allows the child
to focus on relevant information for increasing periods of time.

The discrimination level consists of:

1) basic determination of whether sound is meaningful or non-ineaningful, speech or

non-speech, linguistic or environmental

2) suprasegmental feature discrimination (stress, pifch, intonation, pauses denoting

word boundaries)

3) segmental or phonemic discrimination

The cognitiveflinguistic level consists of:
1) auditory memory which organizes sounds into words and words into phrases and

sentences

2) auditory sequencing which orders sound patterns into sentences according to
linguistic rules
3) auditory recognition and comprehension which allows ordered speech to take on
meaning.
Envirommental sounds take on meaning by becoming associated with internalized actual

events {eg. fire siren signifies a fire).
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According to Laughton and Hasenstab (1993, p. 1406),
“Auditory learning requires the integrity and interface of sound detection,
auditory processing, and cognition. A breakdown at any of these levels will
interfere with or inhibit auditory learning. Hearing loss negatively affects
auditory skill development at all levels because learning for deaf or hard of
hearing children is organized with partial or absent sound information. Without
intervention, deaf and severely hard of hearing children may not be aware that
objects, actions and events have auditory characteristics and that events may be
symbolized by spoken language. With edrly and intensive intervention, most
deaf and hard of hearing children can develop higher order representation and
cognitiveflinguistic functions but skills are often delayed. Frequently
speechreading andfor sign language provide pait of the necessary language

input.”

Intervention Principles

In order to succeed in a regular cluassroom, a child who is deat or hard of hearing must be
able to attend to a speaker and try to understand what is said. By founth grade children are
expected to function independently in the use of receptive language (listening and reading)
and expressive language (speaking and writing) to support learning in the content areas.
Therefore, the child must master the hierarchy of listening tasks described in the previous
section on normal development of auditory skills.

Training in auditory skills is an essential component of all types of programs. It is
needed by children with all degrees of hearing los< and for optimal use of hearing aids,
assistive listening systems, and cochlear implants.  Auditory ~kill development is maximized
when combined with speech production activities and oral language acquisition (Paterson,
1982; Ling, 1978, Ling & Ling, 1978). Theretore, speech stimuli using linguistic torms and
structures appropriate for the child’s level of lunguage development should be used tor
training rather than non-linguistic sounds. However it is appropriate to include some work

on identification of meaningful environmental sound.
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Early auditory training programs focused on discrimination between nonverbal sounds
such as bells, drums, and whistles and later progressed to speech sounds and words. They
tended to exclude the more complex types of verbal communication that children need in life
situations. Ling (1986) stressed that discrimination training should not be a primary focus.
Instead, real life experiences should form the basis of listening training. Discrimination
activities should be used only for remediation when children are unable to succeed at
identification and comprehension activities.

All auditory training curricula should include activities in the areas of detection,
localization, selective attention, discrimination, auditory memory and sequencing, closed set
identification (limited response choices), open set identitication (unlimited response choicex),
and comprehension. In addition, figure-ground activities should be included using a variety of
noises, signal to noise ratios, and degrees of reverberation to simulate the difficult listening
conditions of most classrooms.  Children also need training to monitor their own speech
production and to attach meaning to environmental sounds.

Paterson (1982) stressed the need to train students to use prosodic information such as
stress and intonation to interpret meaning. Such cues are available 10 most profoundly deat
students using proper amplification. Children may be taught to differentizne between
questions, statements and commands, 1o recognize differences in meaning conveyed by word
boundaries and how syllables are stressed. Prosodic information also conveys affective state.
Paterson suggests the use of role plays to teach these concepts.

Auditory skills should be taught in meaningful coutexts such as routine daily activities.
For example, discrimination of st and loud sounds can be taught within the context of a
cooking activity and accompanied by appropriate language input (Robbins, 1990; Erber, 1982).
Some established auditory training curricula are 100 nwrow in focus, requiring children to
listen in restricted contexts, with limited response choices, and with limited use of language
and speech skills (Robbins, 1990). Ling (1986) points out that unless auditory training
activities occur in meaningful contexts, children will view them simply as exercises and not
generalize skills to communication situations in real lie.

Some form of assessment must be part of all curticula wand intervention programs because

deat and hard of heaning children hine a wide ranee or <kilis and veeds  Individuatized

[l
w

59




Q

ERIC

Aruitoxt provided by Eic:

programming must be based on assessment of skills. Erber (1982) proposes that auditory
Aetection, discrimination, identification and comprehension skills be assessed with a variety of
speech stimuli including speech elements, syllables, words, phrases, and sentences.

Speechreading is an integral pait of normal speech perception and is important in
production. Therefore, speechreading training should be integrated with auditory skill and
speech production development. Some training activities should be unimodal (auditory or
visual), while others should be bimodal (audiovisual). The current trend is toward increased
bisensory training to facilitate integration of auditory and visual cues.

Edwards (1991) presents principles which should be considered in the development of
skills within auditory training curricula:

I There must be a clear need for acquisition of the  auditory skill within the child’s

environment,

o

There must be opportunity for the child to practice ans use the skill in a variety of
situations.

3. The child must be able to perform the skill in life-like activities.

4. There must be sufficient reward for appropriate use of the skill.

Activities may be analytic or synthetic in nature. Analytic training, also called "bottom
up”. uses a step-wise approach from detection to discrimination, using drill-type procedures,
1o closed set identification to open set identification to comprehension. There ix some
question about the value of drill-type detection and discrimination activities for improved
identification and comprehension of speech needed for everyday listening situations (Doehring
and Ling, 1971; Erber, 1982). Listening for meaning requires learning environments where
acoustic cues may be coinbined with contextual and situational information (Doehring and
Ling, 1971; Lrber, 1982).

There is sothe contention that analytic auditory training is important for speech
production.  However, authorities agree that learned analytic skills must immediately be used
in meaningful language context for generalization 10 occur (Cole & Paterson, 1984; Erber,
1982; Ling, 19706, Paterson, 1982).

Svathetic approaches, also called “top-down” or language based, focus on sentences or

connected discourse in meaningful situations and stress conversational interaction. Lrber

4
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(1982) describes a Natural Conversational Approach that may be used in class throughout the
day. The teacher speaks to the child naturally without visual cues, focusing on whatever
auditory skill level (eg. discrismination, identification) is appropriate for the child. If, despite
situational and contextual cues, the child does not respond appropriately, the teacher uses a
remedial strategy that involves presenting the same material using a lower level auditory skill.
For example, the teacher might ask a child to identify a picture in a book; if the child is

unable to respond, the teacher might repeat the request using a discrimination format such as

“Is this picture or 2

Erber (1982) describes a second synthetic approach that he calls “Moderately Structured”.
Identification and comprehension training follow a classroom activity, using vocabulary
appropriate for that activity and language structure appropriate for the language level of the
class. The Experience Story exemplifies this approach. After the teacher and children talk
about an activity, the teacher writes a series of descriptive sentences on the board using
language elicited from the children. This language is then used tor identification and
comprehension activities.

Erber (1982) also describes his concept of “adaptive communication” which may be used
for analytic, natural conversational, or moderately structured approaches. It involves
expansion which is used it a child is able 10 perceive speech with no ditficulty at a particular
level of vocabulary and syntactic complexity. The teacher substitutes new vocabulary or
more difficult languaze structure. I, on the other hand, the child experiences difficulty with
the task, a remediation approach is used. The teacher might repeat, clarity or emphasize the
original presentation, substitute more tamiliar vocubulary or stmpler fanguage, move 1o
lower level response (eg. discrimination rather than identification), or use visual cuex in
addition to auditory.

A program or curriculum can include both analytic and synthetic activities.  Analvtic
training can be used during individual therapy 1o remediate specific weaknesses or provide
auditory support for speech production activities. Synthetic activities can be integrated mto
the classroom curriculum and individualized using adaptive communication.  An optimal

training program should include both bottom-up and top-down activities
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Criteria and Guidelines for MMT

The following guidelines and criteria are based on the intervention principles discussed in

the previous section:

1. Auditory training programs should include activities to develop skiils in the following
areas: detection, localization, selective attention, memory/sequencing, discrimination
of suprasegmental and segmental speech features, closed-set and open-set identification
of speech and environmental sounds, comprehension, figure-ground skills, voice
monitoring, and use of suprasegmental information.

2. Both analytic and synthetic activities should be included, but the focus should be on
language based activities.

3. Discrimination training, especially of non-linguistic materials, should be minimized.

4. Auditory training activities should be .i.megruted with language training, speech
production, and speechreading. Some activities may be unimodal but audiovisual
integration should be a priority.

5. Activities should be interactive, meaningtul, and intrinsically rewarding.

6. All training should incorporate expuansion and remediation strategies, as needed.

7. Curricula and programs should include assessment procedures and provide individual
programming.

8. Real life situations should be used or simulated.

Hearing Aid Orientation

All auditory training activities are predicated on the proper use of hearing aids. In order
to use hearing aids well, children need the continuing and consistent support of teachers and
parents who are knowledgeable about their benefits, limitations, use, care, and maintenance.
With this support, children can assume increasing responsibility for the use and care of their
hearing aids as they become more mature.

Hodgson (1986) describes the components of a good hearing aid orientation program. It
should include:

I. Development of realistic expectations and poxsitive attitudes toward hearing aids.

2. Understanding of how hearing aids function.
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3. Ability to operate hearing aids:

a. insert, replace, and care for batteries
b. adjust the volume control

c. properly use the telecoil

d. insert and care for the earmold

4. Ability to perform a daily visual and listening hearing aid check. The Ling S-sound
test is widely used for this purpose. It involves listening to an appropriately adjusted
hearing aid while speaking three vowel and two consonant sounds. The Child is then
asked to respond to the same 5-sounds while wearing the hearing aid (Ling, 1976).

5. Ability to troubleshoot malfunctions such as absent, intermittent, or weak sound,
loudness which does not change smoothly as the volume control is manipulated, noise
or distortion in the hearing aid, and feedback.

6. Ability to help the young child accept and properly use the hearing aid.

Many researchers have evaluated hearing aids that children bring 1o school, and have
found a high incidence of malfunction (Diefendorf and Arthur, 1987; Kemker, McConnell,
Logan, and Green, 1979; Potts and Greenwood, 1983: Hanners and Sitton. 1983: Bess and
McConnell, 1981; Elfenbein, et.al., 1986; Busenbark & Jenison, 1986). A number of studies
have shown that direct parent and teacher training using lectures, demonstrations, sound/slide
programs, and videotapes resulted in significant reduction of hearing aid malfunction (Foust
and Wynne, 1991; Deifendorf and Arthur, 1987; Hanners and Sitton. 1974). A workbook
entitled “Orientation to Hearing Aids (Gauger, 1987) has been found useful for these
programs.

Sanders (1982), Berliner & Eisenberg (1985), Davis & Hardick (1981), Von Almen and
Blair (1989) recommend that deaf and hard of hearing school children also receive information
about effects of hearing loss on communication, hearing aids, and assistive listening devices.
Hearing aid orientation objectives and activities should be part of auditory training curricula

Assistive listening devices, primarily FM systems, are used in many schools.  Orientation
to these systems ix similar to hearing aid orientation. In addition o the need to understand

benefits and limitations, proper use and care, and trouble-shootng procedures, parents.
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teachers, and children need to become comfortable with the following special features of FM
systems:
1. Importance of keeping the FM microphone no more than 6 inches from the talker's

lips.

EIMER  oH

2. Importance of recharging the batteries in the transmitter and all receivers each night by
correctly placing the equipment in the charger.

3. Importance of making sure that the teacher's transmitter and the child’s receiver are on
the same channel which is different than the FM channel used in; other classrooms.
When changing classes, either the child or the teacher must take responsibility for
changing the channel on the receiver.

4. The teacher must learn for which classroom activities FM is suitable. For example,
FM is appropriate when the children are being tuught as one group: however, it is not
appropriate when the children are working it small groups on different activities.

5. FM signals can be transmitted through walls up to a distance of 200 1o 300 feet
depending on the strength of the system. Therefore, the teacher must remember to
turn off the FM transmitter when it is not being used.

Search of the literature revealed no research on orientation to assistive listening devices

nor descriptions of orientation programs. There is a need to incorporate objectives and
activities on orientation to FM in school curricula and a need for studies evaluating the

benefits of such training.

Review of Auditory Skills Media and Materials

Many auditory skills curricula and hearing aid orientation prograns have been developed
by residential and public school programs for deat’ children (eg. Kendall Demonstration
Elementary School, Fairfax County, VA). I addition to curricular materials, programs for
parents, teachers and older students, designed to improve use ol amplification in the
classroom, are availuble (Gauger, 1987; Hunners & Sitton, 1974, and Nusshaum, 1988). Most
of the auditory skills curricula follow the model described by Erber in his book entitled

Auditory Training (1982). This book is a excellent general reference on development of

auditory skills. A few of the auditory skills curricula have been disseminated outside of local
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school districts and are used around the country. Some have served as prototypes for local

programs. Several of the better known curricula are described and critiqued in the following

section.

Auditory Skills Curriculum

One of the most widely used programs is the Auditory Skills Curriculum which is part of
the Auditory Skills Instructional Planning System (Los Angeles County Superintendent of
Schools, 1976). This curriculum was developed for and standardized on over 800 deaf and
hard of hearing children from ages 3 to 12 with a wide range of sensorineural hearing losses.
types of amplification. The children used various types of amplification, and attended total
communication, oral, residential and mainstream education programs.

The curriculum is divideﬁ into fou.r major areas: discrimination (includes detection and
attention), memory-sequencing, figure-ground (difficult listening conditions), and
auditory feedback (use of audition for speech production).

Within each area, long term objectives (called terminal performance objectives or TPOs) are
presented in order of difficulty. For each TPQ, there is a sequential series of short term
objectives (called intermediate performance objectives or 1POs), leading to successful
completion of the long term objective. The IPOxs are directly measurable because they are
stated in behavioral terms and are accompanied by criteria. Activities are presented for each
IPO.

Goals and activities follow the developmental model of auditory skills and are sequenced
from easy to difficulty based on linguistic redundancy and acoustic similarity of stimuli
within a discrimination task. Early activities focus on suprasegmental teatures, and as skills
are developed, increased emphasis is placed on segmental features.

The practice materials for each PO are referenced to the educational level of the student
(eg. preschool, primary, etc.) and teachers are encouraged to develop variations,
supplementary activities, and individualized objectives as appropriate. Language level and
content of the activities can reflect academic curricula and social communication. There is a
preschool supplement designed to meet the needs of deal” and hard-of-hearing children from

birth to four years. All activities are presented first in a multisensory mode (signs,
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speechreading, audition). Visual cues are gradually reduced until the child is successful in the
auditory mode. Familiar material may be initially presented in the auditory mode, with

remedial strategies applied if the child has difficulty.

The Auditory Skills Curriculum may be used with the Test of Auditory Comprehension

e L

(TAC) to suggest the starting place in the curriculum for a child. As an alternative, the child

may be placed on the curriculum by assessing IPOs sequentially in each curriculum area until

appropriate levels are found.

Developmental Approach to Successful Listéning (DASL)

The DASL was developed for deaf children from age 2 through secondary school. It is
designed to be used in individual therapy sessions rather than in the classroom. The program
is highly structured and analytical, involving a hierarchy of auditory skills. The steps
between subskills are very small, minimizing difficuliies children might experience moving
from one objective to the next. The activities for the subgoals are games, designed to
motivate the child. The games and the language can be individualized so that the activities
can be used at any age or language level.

Three areas of auditory skills are included in the curriculum. Sound awareness includes

care and use of amplification, detection, localization and selective attention.  Auditory
comprehension includes various levels of discrimination, memoryfsequencing, identification
and comprehension. Phonetic listening skills help children use their hearing for speech
production, thus integrating speech production with auditory skill development. After

successfully completing the curriculum, a child may work on any of the subskills in a

background of noise or competing sighal. Subskills from different sections of the curriculum
may be developed concurrently afier the child has completed basic goals in the Sound
Awareness section.

A DASL Placement test is included with the program. s functicn is 10 identify where

the child should begin in the difterent areas of the curriculum.

()k)
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Critique

The Auditory Skills Curriculum and the DASL provide goals and activities in the areas of
selective attention, discrimination of supra-segmental and segmental features, identification,
comprehension, and figure-ground differentiation. Although the Auditory Skills Curriculum
follows tiie normal developmental pattern of auditory skills, little time is spent in
development of basic skills such as detection; hearing aid orientation is not included at all.
School curricula based largely on the Auditory Skills Curriculum (Auditory Skills Curriculum,
Fairfax Co. VA, 1984; Auditory and Speech Training Curriculum Guide, Kendall
Demonstration Elementary School, 1988) have recognized these deficiencies and have
incorporated objectives and activities on detection, localization, selective attention, and
hearing aid orientation. The DASL, in contrast, deals well with basic level auditory skills and
-h.earing aid orientation.

Both curricula include goals for voice monitoring and use of hearing for speech
production, thereby integrating speech production and auditory skill development. The
Auditory Skills Curriculum stresses audiovisual integration. and provides for the strategies of
remediation and expansion. The DASL deals exclusively with auditory skills.

Although both programs present activities in sequential order of difficulty, the steps
between short term objectives are much smaller in the DASL. Because goals and objectives
in both curricula are presented in several areas concurrently, it is possible for a child to work
on more than one skill at the same time. Both programs provide assessment procedures.

Both curricula are applicable to a wide range of functional language levels. Although
both programs are language based, they include analytic or bottom-up approaches. The
DASL is more analytical than the Auditory Skills Curriculum which makes it less suitable for
classroom activities but more suitable for computer programming. Neither curriculum is
suitable for a natural conversational or language experience approach. Real life situations are

not simulated.

Non-curricular materials

There are a number of books on the market containing auditory training activities for

children (Sanders, 1993; Lowell and Stoner, 1960, Bero, 1978). Some, Tike the Lowell and
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Stoner materials, are designed for young children and use games for activities. Other books

present activities for a range of ages.
Berg's Listening Handbook (Berg, 1978) contains activities which develop a fairly

comprehensive range of auditory skills. Even though each lesson includes several different

RS . ]

skill areas, there is no clear hierarchy of skills or presentation of objectives in a progression
from easy to difficult. The importance of reciprocity between listening training, speech
production, and language training is stressed, but there are no specific procedures or activities
to implement such integration. There is no attempt to simulate real life situations. Other
materials suffer from the same problems. These programs cannot be considered curricula, but

many of the activities can be incorporated into curricula and adapted for interactive computer

presentation.

Micro Sound Product.. has produced a set of four CD-Rom compact dises which contain
314 environmental sound and noises for use in training auditory awareness and identification.
Included are sounds of the workplace (eg. construction sites), the household (eg. running
water), restaurants, sports (eg. bowling), transportation (eg., cars, planes), etc. These
materials can be purchased from: Micro Sound Products, 555 Bryant Street, Suite 249, Palo
Alto, CA 94301.

Cochlear Implants

Increasing numbers of deaf children, age two and older, are using cochlear implants.
They require follow-up aural rehabilitation, primarily in the form of audiovisual training.
The Nucleus 22 cochlear implant, approved for children by the FDA in June 1990, is the only
system being used for children. The cochlear implant consists of external components which
may be removed and internal components which are surgically implanted. The external
components consist of a microphone worn at the ear connected by a cord to a speech
processor worn on the body. The speech processor is connected to @ transmitter held in place
behind the ear with a strong magnet. The internal components consist of a receiver implanted
in the mastoid process and magnetically aligned with the external transmitter. The receiver is

connected to an array of 22 electrodes (channels) implanted in the inner ear.
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After the healing process is complete, the external components are fitted and each of the
22 channels is programmed so that the electrodes respond to the softest possible sounds and
are set for maximum comfortable listening level. The program, called a« MAP, is incorporated

within the speech processor. After the MAP has been established, training begins.

Candidacy Issues

In order to assure maximum benefit from & cochlear implant, candidacy criteria must be
carefully applied. Criteria for children and adults were recommended at « Consensus
Development Conference at NIH in May 1988 and are being used by the vast majority of
cochlear implant teams, particularly with child candidates. These selection criteria are
summarized by Black (1938) and Tye-Murray (1993).

Age 2 is accepted as the minimum age for implantation for the folowing reasons: a)
hearing status must he established prior 10 .\:(x:‘ger'y and ability 1o benefit from amplification
ruled out. It is very difficult to make those determinations at younger ages; b) rapid head
growth may still be occurring, which may cause an implanted electrode to dislodge; ¢) young
children are more prone to middie ear infection Uan older children; d} the young child may
be unable to participate in the programming process, necessary for ihe fitting of the implant.
Some teams require that 4 child have learned the conditioned response to tactile stimulation
prior to cochlear implant surgery.

Candidates must have profound. bilateral sensorineural hearing loxs and should receive
minimal benefit from amplification. Typically pure tone thiesholds are no better than 95 dB
and the candidate is not able 1o recognize words auditorily. Aided thresholds are no better
than 60 dB.

Parental commitmient and realistic expectations are essential.  Extensive counseling,
stressing the fact that the child will continue 1o function as a severely hearing impaired
individual, is performed. Scme cochlear ilplant teams seek conmitment of the child if he o
she is old enough o understand the process.

Availability of rehabilitation services ix a crucial factor. Most cochlear implant teams

make a strong effort to assure that the cluld’s educational program includes development of
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auditory-oral skills. The child may be enrolled in a total communication program provided
the program makes at commitment to auditory skill development and speech production.
Training Principles

Auditory training procedures with a cochlear implant are similar to those used with
children who wear hearing aids. According to Osberger (1980) training should be balanced
between discrete listening activities using structured lessons and more alobal mractice in the
context of regular classroom activities.

Moog and Geers (1991) emphasize that instructional objectives for discrete listening
training should be based on the normat developimental model of auditory skills. The
appropriate training level for a child should be determined by evaluation of auditory skills.
The DASL (Van Ent Windle and Stout, 1980) ix being used by many cochlear implant
programs for analytic auditory training.  Moog and Geers recommend that as a child acquires
specific auditory skills through individual training, thev should be reinforced through
classroom activities using a natural conversational or lunguage experience approuch (Erber,
1982). For young children, toys and games should be used for activities.

McConkey (1990) agrees that it is desirable to begin training with discrete activities which
should be complemented by a natural language approach o insure carryover of learned skills
to real world situations. However, a conversational approach may be 100 challenging 1o a
child who is just being introduced to sound or who is learning 4 new auditory skill:
therefore, an intermediate level of training should be used for transition.  Strategies 10
accomplish this transition include increasing size of the response set, introduction of tine
delay between explanation of task and presentation of stimulus, presentation of stimulus when
the child is not in a “listening set”, moving graduaily from an identification to comprehension
response, and introduction of some kind of distraction.

Stroer (1992) defines the goal of cochlear implant training as developient of specific
analytic and synthetic auditory and speech skills within the context of language and concept
learning.  Auditory activities are designed to develop perception and identification of
environmental sounds as well as speech. The Ling speech-program (1970) and a variety of
materials developed for auditory and =peech training with hearing aids, including DASI.,

Auditory Skills Curriculum, are used.
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Brackett (1991) stresses that all training activities should include both speech perception
and speech production components. Audiovisual training and appropriate communication
strategies should be included in the cochlear implant training program especially since speech
comprehension through audition alone is not realistic for all implant users (Tyler, Tye-
Murray, and Lansing, 1988).

Speech tracking (DeFilippo and Scott, 1978) is recommended at the elementary school
level using audiovisual input, speechreading alone, and in some cases audition alone. The
teacher reads phrases or short sentences from an appropriate narrative. The child is required
to repeat verbatim. To resolve communication breakdowns, the teacher uses a variety of
communication strategies such as speaking more expressively, isolating a missed word,
changing the timing, paraphrasing, defining the word, reviewing the phrase, or anything else
appropriate. Boothroyd, et al (1988) developed computer tracking lessons for children over
age 7 and adults, using laser video disk technology. Seventeen short stories, spoken by a
female talker, are used.

Orientation to the cochlear implant, use, care, trouble-shooting, and development of
realistic expectations are essential aspects of cochlear implant training for parents. Parents,
teachers, and older children need to be able to perform a daily visual and listening check of
the cochlear implant, analogous to what is done with hearing aids. In order to do so, they
need to become familiar with how the system functions, how to connect the external
components, how to position the transmitter behind the ear, and how to check the settings of

the speech processor.

Criteria and Guidelines

I. Both analytic (bottom-up) and synthetic (top-down) programs are needed. Specific

stimulus response, natural conversational, and transitional activities should be

included.

2. Audiovisual training, with appropriate communication strategies, should be part of all
curricnla.

3. Auditory and audiovisual activities should be integrated with speech production

activities,
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4. Curricula should include incorporation of discrete training goals into classroom

activities.

5. Materials are needed to help families and children develop realistic expectations of
benefits.

6. Materials are needed to help teachers, parents, and older children learn proper use,
care, and troubleshooting of cochlear implants.

Two excellent general references on all aspects of cochlear implants are: Cooper, H.

(Ed.), (1991). Cochlear Implants, A Practical Guide and Tyier, R. (Ed.), (1993). Cochlear

Implants, Audiological Foundations.

Review of Media, Materials, and Technology

There is little technology, media, or materials developed specifically for cochlear implant
training. Most training programs use materials developed for auditory training with hearing
aids. The only cochlear implant training curriculum found in the literature was developed by
Cochlear Corporation (1992). Although it was designed for adults, the format and many of
the actual exercises are suitable for clementary and secondary level students. Some activities

can be adapted for younger or language limited children by moditying the language.

Cochlear Corporation Cutriculum

The Cochlear Corporation curriculum is divided into four levels, with overlap between
levels to facilitate transitions. The goals span the hierarchy of auditory skills from detection
to comprehension.  Within each level, activities range from easy to more difficult. If a client
experiences difficulty with an activity, the same material is presented at a lower auditory skill
level. Auditory and audiovisual activities are incorporated into the curriculum. Screening
tests determine the beginning level of training appropriate for a child.

An activity called paragraph tracking is used. The teacher reads a paragraph appropriate
for the language level and interests of the child. The child follows along using a written copy
of the paragraph. I the child falls behind, the teacher repeats the last word or uses other

strategies until the communication breakdown is resolved. The teacher may slow the reading

6O
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rate or move to more complex materials, depending on the responses of the child. Tracking
as an intervention technique will be discussed more completely in a later section of this
synthesis.

Telephone training is an integral part of the curriculum. Depending on the capabilities of
the child, it includes identification of telephone signals, development of a yes-no telephone
communication code, familiarization with common phrases, number identification, role plays
involving telephone conversations of varying degrees of difficulty followed by actual phone
calls, and telephone repair strategies

Computer software is available as part of the curriculum for some of the analytic vowel
and consonant analytic training.

Critique

This curriculum includes analytic and synthetic materials presented in a hierarchy of skill
levels. It may be used for auditory training with hearing aids as well as with cochlear
implants. Many of the activities, particularly at the comprehension levél,. are language based
and applicable to life situations. The curriculum uses the concept of adaptive communication,
allowing the child to easily move back and forth between levels. Audiovisual training,
communication
strategies, and telephone training are included. The major deficiency of the program is that it
was not specifically developed for children. Although some of the activities can be easily
adapted for elementary and secondary school children, such adaptation cannot be done as

easily for younger children.

Parent and Teacher Guides

The Cochlear Corporation has published @ Guide to the Mini System 22 for parents of
deaf children who are being considered for a cochlear implant and another manual for
teachers and other professionals who work with implanted children. Both manuals cover the
following topics:

1. How the cochlear implant functions

2. Candiducy issues

3. Traming to use the implant

(6Y)
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4. Benefits, limitations, and factors influencing success
5. Use and care; checking and troubleshooting the system
6. Educational concerns: use in the classroom, use of FM with the implant, parents as
advocates, parent-teacher partnerships
The manuals contain lists of materials, organizations, and other resources.
Captioned videotapes are available, including one in which four families of implanted

children discuss the impact of the cochlear implant on their lives.

Critique

Both guides are well written at appropriate levels tor their target audiences. The parents’
manual is encouraging but realistic in discussing benefits and limitations.  Clear informative
illustrations, understandable téL:hnicul information, and practical use, care and troubleshooting
procedures are included in both manuals. These manuals are available only through Cochlear

Corporation, distributor of the Nucleus 22 coclilear implant.  Similar manuals, targeted to a

wider audience, might be usetul.

Speechreading and Communication Strategies

Speechreading: Intervention Principles

According to Yoshinago-Itano (1988) there are three approaches to the teaching of
speechreading. The traditional bottom-up approach focuses on the visual aspects of phonemes
and phoneme combinations; the student practices on syllablex and then progresses to
identification of words, sentences, and connected discourse (Bruhn, 1949; Bunger, 1944;
Kinzie & Kinzie, 1931; Nitchie, 1950). The holistic top-down approach focuses on connected
discourse using real-life situations and language. It does not include drill on phonemes,
syllables, isolated words or sentences. The interactive approach is primarily a top-down
system but teaches identification of the visemes of speech as well (4 viseme is a group of
phonemes, such as /p.b,m/ which look alike on the lips).

Speechreading programs for children tend to be holistic in hature. Lessons are based on

simulated real life sitnations and experiences using fanguage which is familiar and within the
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competence of the child. Drills are not used. When the language of the speechreading lesson
and the language of English class are similar, speechreading can reinforce English language
instruction (Jacobs, 1982). Simulated real-life situations used with younger childrc.: revolve
around interaction with parents, siblings, and peers. The focus for older children is on social
situations and communication within the school environment. Speechreading training should
be integrated with instruction in communication strategies that the child can use when
speechreading is insufficient for clear communication. Ability to identify articulatory
movements may make it easier for a child to “fill in the blanks” of an ambiguous or
incompletely understood message. '

A hierarchy of speechreading activitiex should be established, starting with easy tasks and
gradually increasing the ditficulty. Parameters that can be varied in difficulty include:
signal/noise ratio, number of talkers, brightness and direction of lighting, amount of visual
distraction, familiarity of the talker, familiarity of the topic and vocabulary, and complexity of
the language. Easy materials include: familiar stories such as nursery rhymes, child-generated
materials such as language experience storiex, language based on topics of interest such as
sports or TV programms and familiar commands, greetings, and directions.

Speechreading training should occur primarily in an audiovisual environment because
audiovisual communication is more typical of conversational conditions than communication

which is solely visual (Erber, 1974).

Communication Strategies: Intervention Principles

Training to use communication strategies ix an integral part of the language and situation-
based holistic approach to speechreading.  Children need to develop a repertoire of
anticipatory strategies to prevent communication breakdown and repair strategies to resolve
communication breakdown. Before any strategies can be used effectively, the child must
leamn to function assertively. Thix involves recognizing that the message was not understood,
informing the communication partner of the problem in a polite manner, and explaining how

the communication partner might fucilitate communication.

GY
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Anticipatory strategies include identification of:

1. Words and sentences that might be used in a forthcoming situation. This vocabulary
is then used for speechreading practice,

2. Sequence of topics and probable talkers in a forthcoming situation,

3. Environmental factors that might create difficulty (eg. noise, multiple talkers), and
ways of dealing with theny;

4. Talker variables that can be improved by advanced planning. The child might be able
to request slower speech, clearer articulation, simpler shorter sentences, some
indication of when a topic change occurs, or the use of an assistive device). (Tye-
Murray, 1993)

Repair strategies are behaviors a child can use during a communication interaction such as
asking a talker to repeat, rephrase, simplify or indicate the topic of a message. Additional
repair strategies include asking for the spelling of a word, using code words for letters not
understood (eg. “b” as in boy), asking for numbers one digit at a time, asking specific
questions, and writing a misunderstood message. To keep communication flowing, a child
should always confirm what is understood.

Children should be trained to use repair strutegies expressively as well as receptively.
Elfenbein (1990) points out that communication breakdown can occur because children's poor
articulation and language skills interfere with understanding of their speech. Many of the
same strategies that are useful receptively (eg. rephrasing, writing, simplifying) can help
clarify communication when the child’s speech is not understood.

Conversational strategies used for turn-taking, changing topic, and terminating a
conversation often need to be taught. ‘The child needs to become familiar with the cues that
signal these behaviors (eg. topical change may be cued by longer pauses between utterances).

Training programs should focus on srategies that are relevant to the child's real life
communication needs. that children are willing 1o use and that do not require enormous effort.
Selection of specific strategies for traimmng should be priovitized based on what is required in
the classroom environment and what the child teels he o she needs. Children must be able to
understand how 1o use i strategy . A conmuincation stategies taining program should

include assesstient tools such s 1ole plavs, ticking exercises, questionnatres, and

/Q
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communication scales to determine which strategies the child uses and which need to be
learned. Tye-Murray (1993) stresses the need for research to determine which communication
strategies are needed by children, which strategies deaf and hard of hearing children are able
to use, and which strategies other children can comprehend.

Training activities should be motivating to the child. They should be weli-defined and
usable by teachers in a variety of educational settings. Strategies may be taught through
workbook exercises, conversations and role plays with classmates or with the clinician in
individual sessions, and real world practice. Within a classroom situation, both teacher and
children must leamn to use strategies. Edwards (1991) indicates that during the first two to
three years of school, the teacher ix likely to initiate most of the strategies, but by third grade
the child often has sufficient cognitive and linguistic skills 10 do so.

There are a number of instructional techniques which can be used in the classroom
(Palmer, 1988). These include role plays of identified ditticult situations, conversational
practice using starting, stopping, topic change, and turn taking rules and routines, use of
appropriate assertive behavior for resolving simulated contlict situations, and role reversals. It
is helpful to videotape and play back role plays so that a child and peers can evaluate and
make suggestions for improvement. Videotapes featuring high status individuals (eg. peers ot
parents) using strategies successfully in simulated real lite situations may be used for
modeling. After these classroom techniques have been used successfully, children can
practice learned skills in real life situations.

Connected discourse tracking is an excellent technique to use for teaching of
speechreading and strategiex (DeFilippo, 1988; DeFilippo & Scott, 1978). Tracking is self-
paced, provides a synthetic, language-based approach to speechreading and strategies training,
allows instant feedback, can be used visually, auditorily or audiovisually, and emphasizes use
of communication strategies to resolve communication problems. It ix an interactive
procedure, allowing for modification of task difficulty as needed. The age-appropriateness of
tracking depends on materials and procedures used. language competence and attention span
of the child. Erber (1978-1979) reported successtul tracking with 1110 15 year old severely
and profoundly deaf children: Goldberg (1988) reported use of auditory tracking with two

three-vear old children.
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Connected speech is presented by the clinician, one phrase at a time. The child is asked
to repeat, word for word, what is said. When errors occur, either the talker or the receiver
use various communication strategies to resolve the communication breakdown. The number
of words correctly identified per minute may be calculated.

The original procedure of DeFilippo & Scott (1978) required verbatim repetition and use
of a hierarchy of strategies by the talker with the final strategy a “fail-safe” behavior such as
writing or signing. Many clinicians develop their own hierarchy of strategies 10 meet
individual needs. Instead of using tatker initiated strategies, the child may be required to
request strategies when misunderstanding occurs (Owens & Telleen, 1981). Severul
authorities (Owens & Raggio, 1987; Tye-Murray and Tyler, 1988) suggest the use of gist
rather than verbatim repetition to better simulate real lite conversation.

Reverse tracking is designed to facilitate the child’s use of expressive strategies 10 improve
his or her own speech intelligibility. This procedure regquires the child to read a passage; the
clinician repeats every word or the gist ol the messuage. When an error oceurs, the child must
initiate repair strategies 1o resolve the communication breakdown.

If the child is having difficulty, material can be simplified or different strategies used. It
is possible to allow the child to have a copy of the test and follow along as the teacher reads
aloud. 1f desirable, the teacher can make the activity more difficult by increasing length of
utterance or changing presentation conditions.

A variety of talkers should be used for tracking activities. They should be trained when
to pause, what types of strategies 1o use, how 1o provide effective reinforceiment, how to
speak clearly, how to provide good body language, and what 10 do it unable to understand the
child’s responses.

Selection of material for tacking activities is important. Materials must match the
language competence and interests of the child. Pictures may be needed to maintain interest
and can be used as reinforcement.  Popular sources ol material include children’s reading
development series, writicles 1 Magazines, NeWsPapeis, digests, and literary works for
children, and high-mterest, fow fanguage level materials. 10 also possible for the child

and/or the teacher to generate matetials (eg Nory aboat i recent experience).
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Pre-tracking activities can facilitate tracking with children. One strategy involves
breaking down a difficult word in a tracked passage into its individual speech elements. In
order for a child to use this strategy, he or she must be tanght relationships between spoken
or mouthed phonemes and a symbol system (eg. Northampton Charts), how sound sequences
are blended to form words, and spelling and pronunciation rules. Other pre-tracking activities
include reading the passage before the tracking activity, practicing key words and proper
nouns used in the passage, and providing clues such as the topic, title, or first line of the

story.

At this time there are no materials or curricula developed for use of connected discourse

tracking with children.

Criteria and Guidelines

1. Speechreading training for children should be primurily language-based, using simulated
real life experiences.

2. It should occur primarily in an audiovisual environment although visual activities may be
incorporated as needed.

3. Analytic activities involving discrimination between or identification of articulatory

movements can be beneficial.

4. Speechreading curricula should provide a hierarchy of activitiex gradually increasing in
difficulty. Parameters which can be manipulated include auditory andfor visual noise,
familiarity of talker, familiarity of material, complexity of material.

5. Materials should be within the language competence and interests of the child. It is
beneficial to use materials related to classroom activities.

6. Speechreading and communication strategies training should be integrated.

7. Children need training in assertive behavior, anticipatory strategies involving talker,
environment, and message variables, and repair strategies,

8. Repair strategies should be used expressively to clarify the child's speech intelligibility as
well as receptively.

9. Conversational strategies used for turn taking, topic changing, initiating and ending

conversations should be taught
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10. Specific strategies taught should be relevant to the child’s communication needs,
should be understandable to the child and be easily usable by the child.

11 Assessment procedures should be available to determine which strategies the child
knows and uses.

12.  Strategies training should be usable by teachers in a variety of educational settings.

13. Instructional techniques should include role plays, conversational practice, workbook
activities, and practice in real life situations. Videotaping is useful for evaluation and
critiquing of a child’s performance and for modeling of successful use of strategies.

14. Connected discourse tracking can be used with any age child if the material is suitable
and the child’s language competence and attention span are sufficiently developed.
Reverse tracking can be hielpful 1o the improvement of speech intelligibility.

15. Age and language appropriate materials and curricula are needed for connected
discourse tracking for children.

16. Interactive video programs can be useful for both speechreading and communication

strategies training.

Review of Media and Materials

As with auditory skills materials, most school systems have developed their own
speechreading and communication strategies curriculd, but few have been disseminated. A
notable exception is the material that has been developed by the Qutreach unit of the
Gallaudet Pre-college programs. Several of these programs are reviewed in the following
section.

Speechreading in Context (Deyo and Hallau, 1984) ix a program which provides
functional speechreading activities for deat children in elementary school. A synthetic
approach is used, with emphasis on understanding of meuning; there are no drills on syllables
or individual words. Materials are presented in order of difficulty. The activitiex may be
used as a framework for development of others.  Adaptive teaching strategies are used as
nceded.

Topics that are covered inchide greetings, school vocabulary, endings and transitions (eg.

see you later, time for lunch, bye-bye), common comments {eg. please, thank you, I'm sorry),
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commands and questions, and conversations. Each lesson begins with practice of teacher and
student generated words and phrases based on discussion of the topic. This is followed by a
role play, after which the same format is extended to related situations.

This program is relevant and real life oriented. It can easily be integrated into the
classroom curriculum. The major disadvantage is that it focuses only on speechreading and
does not include auditory or communication strategies training. This program could easily be
adapted to interactive computer videodisc technology.

The Kendall Demonstration Elementary School Auditory and Speech Training
Curriculum Guide (Nussbaum, et al, 1988) has been published and disseminated. It includes
auditory skills, speechreading, and speech production objectives and activities for deaf and
hard of hearing students at preschool through junior high school levels.  The curriculum is
designed to be used by teachers in classroom situations but can also be used for individual
therapy. It is based on a conmumication philosophy in which auditory skills, speechreading
and speech training are infused throughout the daily routine and as much as possible within
the classroom. Activities tend to simulate real life situations; role plays and mimes are used
especially for training communication strategies.

Learning objectives are arranged according to increasing level of difficulty. In the
development of auditory skills, material is introduced in a multimodal manner (signs,
speechreading and audition) und visual clues are graduaily faded out. In the development of
speechreading skills, signs and auditory clues are gradually taded out. Response choice sets
are increased from 2-choice options to open set.  Familiarity of materials gradually decreases.
Speechreading training follows a hierarchy from discrimination and identification of single
words in structured communication situations to comprehension of connected discourse with
and without clues. Included are activities to develop awareness of mouth movements and
facial expression,

A section of the curriculum deuls with development of attending skills, repair strategies,
and conversational strategies for turn taking, attracting the attention of a person, initiating,
maintaining and ending conversation appropriately.  Students are taught that appropriateness
of strategies depend on whether & person is hearing or deat” and on the context of the

situation,
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This curriculum is interactive, integrates skill areas, focuses on daily life and classroom
situations, uses adaptive strategies, presents objectives in a hierarchical manner, can be used
with any age child, and is applicable to oral, sign language and cued speech programs.

Communicate With Me: Conversation Strategies for Deaf Students (Deyo and Hailau,
1988) is a program designed to help deaf students improve their ability to gain a person’s
attention, take turns, initiate and end conversations, select appropriate cammunication
methods, select appropriate topics, change topics, and use repair strategies. Although the
program was designed for students with hearing loss, it can be used for all students with
special needs.

A pre-test is given at the beginning of the curricalun to determine the appropriate units
for that student. Pre-tests and post-tests are included with each unit and a post-test occurs at
the end of the program. Each unit follows a similar format, starting with learning when and
how to use the strategies and continuing with role plays wnd subsequent discussion.
Additional age related enrichment activities are included

The program is highly synthetic, using real life situations that are appropriate for
elementary school children. It is highly motivational because of the role plays. Each unit is
well structured, moving from didactic teaching of behaviors to practice in simulated
situations. Evaluation is built into the program at the beginning and at selected points
throughout the curriculum.

The real-life situations could lend themselves nicely 1o videotape presentation similar to a
format developed for adults by Trychin and Boone (1987). A vignette ix presented in which «
communication rule is violated, resulting i communication breakdown. The students identity
the behaviors that caused the problem, role play correct behaviors and explain why they are
correct. They then view the next portion of the videotape which shows the correct way of
handling the situation. Thix program is discussed turther o the paper on Enelish Language

Development and Refinement.
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Elfenbein (1992) developed a program to teach repair strategies to children, ages 7 to 14.
The program includes:

1) Understanding of the communication process and the many different modalities
through which communication can occur,

2) Identification of the signs and causes of communication breakdown using role plays
and videotapes of interactions;

3) Formulation of a socially appropriate message based on information to be transmitted
and characteristics of the sender, receiver and situation;

4) Introduction of repair strategies and practice in role plays within the therapy room,
assignments within the clinic, and in real world situations.  Interactions within  the
clinic are videotaped and critiqued.

Throughout the program, children have the opportunity to discuss their feelings and
frustrations about their attempts to repair cornmunication breakdowns.

Twenty five children were evaluated after completing six weeks of the conmmunication

strategies program.  All of the children demonstrated better matching of strategies 10
situations, and use of a greater variety of repuir strategies. Although this program has been

designed for use in a clinical situation, it can be adapted tor the classroon.

Interactive Video for Auditory. Speechreading and Communication Strategies Training

Interactive video ix inherently motivating 1o « child because tasks are usually programmed
in the form of gamex or activitiex which provide immediate reedback. it uxually provides
drill and practice as a supplement to classroom instruction to facilitate habituation of newly
acquired skills.  Although many of these programs tend to be analytic in nature, there have
been attempts to develop real lite simulation activities.  For example, Tye-Murray, Tyler,
Bong, & Nares (1988) have developed simulations of activities in the life of a hearing-
nnpaired student.

Computer technology provides the versatility 1o control coniplex protocols tailored o
individual needs It makes possibie an intetactive leaning sitwation in which seecessive

stimudi are determined by the Cilds previous tespotises. Thie tate of msttuction s dictated by
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students’ skills and learning styles. A clinician need not be present and training can be
scheduled at times convenient to students.

According to Smaldino and Smaldino (1993, optimal aural rehabilitation is based on a
multidimensional model in which different aspects of training occur concurrently and
interactively; therefore, cornputer programs should facilitate interaction of different skill areas.
A range of stirauli (eg. simple overlearned utterances to longer more complex sentences) and
a variety of response formats (eg. multiple-choice closed set task and open-set identification
tasks) should be available. Programs should allow for change in presentation parameters
based on the response of the child (eg. mcrease or decrease of response set, use of strategies).
Random access and computer controlled branching capability are required for such
individualized instructional wctivities.

Computers and videotape players are available in moxt educational facilities; however,
videodisc equipment is less conmmon, possibly because of the high cost of developing a
videodisc master. Still, the type of interactive progrannning needed for etfective training in
auditory skills, speechreading, and communication strategies requires videodise technology.

Both software and hardware should be user friendly. [t should be easy for a chi'd to
respond (eg. touchsereen). Programs should be easy for teachers to use. Ideally, it should be
possible for the teacher/ clinician to modity the software to individualize the program to meet
students’ needs. However, it ix probably unrealistic 1o expect the majority of classroom
teachers and communication therapists t¢ have adequate progratming skills to make such
modifications.

ljsseldijk (1992) provided information abow optimal video images for speechreading
activities, use of stitnulus repetition, aud vate of preseatation by evaluating these parameters
on 33 orally trained prelingually deaf children between § and 10 vears of age. The
conclusions of the study were that full face and profile images are most useful for videodise
presentation, and that a lips only presentation mode is pot useful. Repetition
helps speechreading performatice and should be made it option with every exercise.

Exercises using slower presentation rates do not secin to be helplul.
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Only three interactive computer programs designed for children were identified. These are
discussed in some detail. Other programs have been developed for adults. Several are

discussed briefly because of the possibility of modifying them for chiiden.

Programs for Children

Tye-Murray (1993) developed a laser videodisc program for children ages 5 to 15 which
combines auditory training, audiovisual training, and use of two repair strategies to clarify a

misunderstood spoken message. This program has been published in book form to make it

more accessible to educational facilities.

The program consists of 25 lessons, each focusing on a specific set of consonants. Each
lesson presents syllable, word, and sentence activities in sequential levels of difficulty dealing
with sound awareness, same/different discrimination, closed set word recognition, open set
word recognition, closed set sentence recognition, and sentence recognition based on a key
word clue. The teacher/clinician has the option of increasing the size of the sets in any of the
lessons. Lessons are ordered so that the sounds within the consonant vowel syllable and word
exercises becorne increasing difficult to discriminate or identity by audition only. Sentences
relate to common life occurrences.

Response options in the form of pictures appear on the screen after each stimulus is
presented. Students respond by using a touchscreen.  All stimuli are presented in the
audiovisual mode first. When the student is successtul with a prescribed number of stimuli,
the activity continues in the auditory-alone mode. Various strategies are available to the
teacher to simplify an exercise if necessary. In addition to auditory and audiovisual training,
the key word strategy and the strategy of repeating the stimulus sentence as confirmation of
understanding are taught.

The second computer program is the Interactive Training Svstem for Listening (1TS-
Listening) developed by Carolyn Brown (1992). This program targets speech discrimination
and identification skills at the phonete, syllable, word and sentence levels, providing training
in pattern perception and speech discrimination based on suprasegemental and segmental

ieatures. There are no synthetic comprehension exercises. The tasks are presented
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sequentially from easy to difficult. The program contains pre-testing, post-testing, and
practicé tasks as well as training exercises.

The system is interactive; a child’s response on a task determines the specific task that
follows. Tasks may be repeated for more intensive practice. Stimulus content and
presentation mode (eg. auditory or audiovisual), may be modified to meet individual needs.
In addition to 450 pre-programmed lessons, there is a lesson editor to allow the teacher to
individualize the exercises for each child.

The program can be used with children of all ages. Games are incorporated into the
lessons for younger children. Responses are made using a touchwindow with pictures s
response prompts.

Tye-Murray, Tyler, Bong, and Nares (1988) developed three  videodise programs to
train speechreading and assertive communication.

The goal of Program 1 ix audiovisual consonant speechreading training using consonant
vowel syllables, single syllable words, and words embedded in carrier phrases. Response
prompts on a touchscreen consist of different colored cireles for the consonants and pictures
for the words. A male and female talker present the stimuli. A stimulus along with a visual
reinforcer (eg. smiling face) is presented first ina discrimination mode and then in a closed-
set identification mode. Incorrect responzes result in repetition of the stimulus, while a
correct response produces a smiling face. These activities can be used for auditory training
by turning off the visual image of the (lekef.

Program 2 provides synthetic audiovistal speechreading training and development of
communication strategies. One of ten talkers presents a sentence accompanied by four
pictures. The student responds by touching one of the pictures. i the response is nat correct,
the student may select one of five repair strategies. The procedure continues until the
sentence has been identified correctly.

Program 3 provides situation-specitic speechieading training, usimg eleven exercises based
on home and school situations (eg. breaktast, bus stop, classes). First the child views a 10
second filta clip establishing the setting. Then a talker appropriate 1o that setting presents
sentences audiovisually in closed-set tormut similar to that used in Prooram 2 1 the child’s

respolise is incoriect, repair strategies are celecied until the sentence is cotteetly adentitied.

?
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Some of the talkers deliberately create difficult communication situations (eg. chew gum,

make noise).

Critique

All three programs integrate vision and audition. All the programs are interactive and
modify presentation of stimuli based on student responses. They provide options and
strategies that allow the teacher/clinician to modify the ease or difficulty of the exercises.
Objectives ar.ld activities are presented in a hierarchy of easy to more difficult tasks.

The Tye-Murray programs teach repair strategies. However, neither one includes
evaluation procedures; the ITS-Lixtening program does. The Tye-Murray programs attempt
to relaie sentence materials to real life situations, and one of the 1988 programs includes real
life scenarios. The ITS-Listening program makes 1o attempt 1o include synthetic activities
related to life situations. The content of the activities in the Tye-Murray programs cannot be
altered because there is no provision for teacher moditication of the software. The ITS-
Listening program does provide a lesson editor, allowing u teacher or therapist with

programming skills to mike individual adaptations.

Adult Programs

The Dynamic Audio Video hnteractive Device (DAVID) program (Sits, 1988) provides

speechreading drill materials dealing with tamiliar expressions and job-related sentences.
Depending on level of performance, a student uses a muituple choice, fill in the blanks, or
open set forniat.  Materials can be presented with or without sound. The student can request

repetition or clues about sentence content.

The Auditory-Visual Laser Videodise Interactive Systenn (ALVIS) (Kopra, Dunlop, Kopra,
and Abrahamson, 1985) was developed for postlingualty deat adults It consisis of five o
eight word sentences presented in order of speechreading ditfficulty. Each sentence ix
presented a maximum of 5 times, with cach presentation accompanied by different auditory or
visual clues,

Computer Assisted Tracking (CAST) (Pichora-Fulier and Cichiell, 1986¢) is a tracking

program developed for adventitioushy deat adults It consasts of paraataphs, cach loaded with

-
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a particular viseme. The speechreader views the paragraph in its entirety for orientation, then
types each phrase as it is viewed. The computer provides feedh:ck, displaying the correct
portion of the response and leaving blanks for misidentified words. The student has the

option of asking for replay of the phrase or going on to the next phrase in hopes of using

ETES D

context clues to identify the initial one. The program ailows for the inclusion of other

=

communication strategies. After a maximum of ten trials on a phrase, the missing words are
filled in. The program provides positive reinforcement for a good guess based on
identification of a homophenous sound. The clinician can select the tate of speech, and

decide whether to use audiovisual or visual replays. Various types of scoring are included in

the system.

Video Laserdisc Test and Training Battery Arthur Bouthroyd (1988) developed a series
of six half hour laserdiscs for children, age 7 and older, and adults. These materials can be
used for auditory and audiovisual specch perception testing and training. The battery includes
a range of training materials at phoneme, word, and sentence levels: a) the Thrift: detection
of suprasegmental and segmental speech paitern contrasts in a varying phonetic context within
nonsense syllables; b) the Spac: identification of suprasegmental and segimental speech
pattern contrasts in a varying phonetic context within words and phrases; ¢) identification of
CVC words; d) sets of topic related sentences emulating conversation; e) 17 short stories
that can be used in a variety of ways, including continuous discourse tracking. The training
materials are interactive, providing feedback and repetitions ax needed.  Motivation and

successful completion of tasks are enhanced.

Telephone Training

Many deaf and hard of hearing children need 1o earn how 1o use the voice telephone or
the TTY (also called TDD or TT). Such training includes auditory skills, language, speech
intelligibility, communication strategies, assistive devices, and informational counseling.
Specific objectives involve:

1. Finding the best way for a child to ase the vorce teleplione with o without the

hearing aid, with ot without telephone amphiicrs, using the nicophone o the telecoil

az
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of the hearing aid. It is necessary to determine the preferred ear for telephone use,

find the best position of the telephone receiver or supplementary amplifier relative to
the hearing aid, and teach proper use of the hearing aid telecoil;

2. Listening training, including telephone signals, specific numbers, names, prerecorded
messages, role plays of frequent conversations, telephone conversations with the
teacher, and actual phone calls to friends and strangers;

3. Use of anticipatory strategies to structure a conversation and prevent anticipated
difficulties and receptive and expressive repair strategies. The child needs to identify
talker conversational features which create difficulty and aspects of his or her speech
which create problems for a communication parner;

4. Speech production activities to improve the intelligibility of the child's speech;,

5. Development of an intensity pattern code for children who cannot conduct open set
conversations on the telephone. Children  must structure their conversations so that
the communication partner can respond by saying “no, yes-yes, or 1 dont know”.
Such conversations are used only for specific prearranged communication. For all
other purposes, the TTY ix used;

6. Information about the telephone and TTY, including how to dial. what to do if the line
is busy or if @ wrong number ix dialed, how 10 use an answering machine, and use of
relay systems;

7. Language training to structure a conversation using correct vocabulary and grammar
on the voice phone or TTY;

(Erber, 1982, 1985, Castle, 1980).

Training should progress from easy to difficult activities. Therefore, there should be a
range of materials varying in familiarity and complexity, and an array of conversationa!
practice ranging from face to face conversations using prepared scripts to telephone
conversations with strangers. Teaching activities include role plays with and without prepared

seripts, listening games, tracking via telephone, and use of prerecorded messages.

o
.
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Media and Materials

Although several telephone training curricula have been developed for adults (Castle,
1980; Erber, 1985), only one curriculum for children has been identified in the literature. Ring
Flash (Deyo and Hallau, 1984} is a comprehensive TTY and voice telephone training program
for elementary school deaf and hard of hearing children. It provides sequential learning,
practice, and evaluation activities in a series of units. Didactic instruction, prerecorded
messages, role plays, ai. a hierarchy of practice situations are used.

Unit | teaches use of TTY, including how to use the equipment, keyboard skills, TTY
abbreviations, how 1o send a clear message, how to use repair strategies.  Unit 2 deals with
the voice telephone, providing training and practice with sound signals, code systems, repair
strategies, and listening practice with single words, familiar phrases, and sentences and
various levels of conversation. Unit 3 teaches use of the telephone directory. Unit 4 involves
rules of telephone etigquette such as proper ways to answer the telephone, identify oneself,
handle wrong numbers, tell a person to hold, and verify @ phone number. 1t also includes
how to plan a conversation, respond 1o an answering machine, and the importance of allowing
time for a person to answer a call (particalarly when using the TTY). Unit 5 deals with
accessing operator assistance, particularly for locating phone numbers and connecting phone

calls.

Crit'que

Ring Flash covers most aspects of telephone training ina sequential fashion at a proper
tevel Tor elementary school students 16 contains miany activities relevant 1o daily lite which
could be adapted 1o mteractive video programming. “The Repair Strategies section can be
used for training not related to telephone use. A major deficiency of this curriculum is that 1t
does not contain objectives o activities for improving speech intelligibility on the telephone.
Also, the curriculum was developed before the advent of telephone relay systems and
therefore does not contamn training to use them. Sinee third party relay systems have become
an inportant tefephone conmunication mechanism, the curticulum needs to be updated o

include this type ot tramimy
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Media, Materials, and Technology Needs

Conclusions and Recommendations

Audrory skills curricula should cover a hierarchy of auditory skills based on the accepted
developmental model. Although bottom-up and top-down activities should be included, the
focus should be on language based objectives and activities using real life situations.
Auditory taining activities should be integrated with speechreading, speech production and
language iraining. All activities should be interactive, provide for individual adaptation, and
allow fcr expansion and remediation strategies as needed. Al curricula should contain
objectives for orientation to hearing aids and assistive devices as well as assessment
procedures.

Although most schools for deal aund hard of hearing children have developed auditory
skills curricula, several of which have been disseminated, for the most part these curricula use
a bottom-up approach. There is a need for synthetic, language and situation based programs
suitable for natural conversational or language experience approaches in the classroont using
materials that are suitable for the language competence and interests of a wide range ot
children. Simulated or actual real life situations need 1o he utiiized to a much greater extent
that currently exists.

Although most auditory skills curricula comain hearing aid orientation objectives and
activities, there is a notable absence of orientation and training materials for assistive devices
and cochlear implants. Such materials are needed for teachers, parents, and children who use
the systems. Although training activities are similar 10 those nsed for hearing aid users, there
are differences primarily in the arcas of use. care, troubleshooting, adjustment to the listening
system, and development of realistic expectations. No ussistive devices curricula were
identi‘ied for children or adults. Only one comprehensive cochlear implant cwrriculum for
adults (Cochlear Corporation curriculum) was found and this is not readily available 1o
schools. Comprehensive training progranms incorporating top-down and bottom-up objectives
are needed for children, teachers and parents, particularly for cochlear implants.

Speechreading programs for childien should also be prinaily language based, using
meaningful real life expericnces. Speechreading should be integrated with auditory and

communication strategies training.  Prograns shoukd include training massertive behaviorn

oc

91

ISR




Aruitoxt provided by Eic:

ERIC

and conversational strategies. Although several top-down curricula have been developed and
disseminated by the Pre-college programs at Gallaudet University, there is need for additional
curricula incorporating a synthetic, interactive, integrative focus.

Connected discourse tracking is an excellent activity for developing speechreading,
audiovisual, and communication strategies skills. It can also be used to improve the
intelligibility of a cliild’s speech. There is need for development of age and language
appropriate tracking materials for children.

Interactive videodisc technology can be used for auditory skills, speechreading, and
communication strategies training. It is interactive, highly motivating, can provide immediate
feedback, and can individualize instruction by tailoring stimulus presentation to the child’s
responses. Tye-Murray and colleagues have developed several videodise programs for
children which contain both analytic (bottom-up) and synthetic (top-down) programs.  There
is need for additional programs which focus on real life situations. Much of the primed
curricular materials, including tracking activities, can be adapted to video technology.

Voice telephone and TTY training involve auditory skills, speech production, language
skills, communication strategies, use of assistive devices, and informational counseling.
Although several curricula have been developed for adults, only one program for elementary
school children has been identified. This program does not contain speech production
activities nor instruction in use of third party relay systems. Telephone training curricula, in

print and interactive video form, are needed for children.
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ENGLISH LANGUAGE DEVELOPMENT AND REFINEMENT

By Mary June Moseley, Ph.D.

Introduction

This section of the synthesis will discuss needs of deaf and hard-of-hearing children in the
development and refinement of the English language. Emphasis will be on the use of
language for interpersonal and functional communication. Additional language areas, such as
reading and school curriculum areas (e.g. social studies and drug education, etc) are beyond
the scope of this review.

In this section of the synthesis language will be defined and current models of language
development presented. The existing research in English language characteristics of children
with hearing loss will then be summarized, as well as principles of language curriculum
development. Methodology used for examining media, materials and technology (MMT) will
be described and current MMT discussed.  Finally, recommendations for program

development and limitations of this paper will be addressed.

Definitions/Models

Language is defined as “....a socially shared code or conventional system for representing
concepts through the use of arbitrary symbols and rule-governed combinations of those
symbols” (Owens, 1992, p. 4). This socially shared code allows the exchange of information
between two individuals, which is a part of the larger process of Communication: “...the
process of exchanging information and ideas between panticipants”. (Owens, 1992, p. 7).
Communication includes a linguistic code and several different means of transmission, such
as speech, intonation, gestures, and body language. The linguistic code may be received ana
expressed through several modes: speech and listening. signing, writing and reading.

In order to be able to effectively use the linguistic code of English, the language learner
must have knowledge of and expertise in several ditferent arcas of lunguage (Lund & Duchan,

1993; Owens, 1992):
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Semantics (meaning). e.g. vocabulary, nonliteral language such as idioms and humor L
(figurative language), similarities and differences in words.

Syntax and morphology (word order/grammatical information): e.g. phrase structure,
clause structure, sentence types (question vs. declarative), form word classes (nouns,
verbs, adjectives, pronouns etc.)

¢
i
1]
+
Ll

Phonology (sounds). e.g. production and perception of sounds, use of paralinguistic
features (stress, intonation, etc.).

Pragmatics (use). Using lunguage appropriately. Thix involves three different aspects:

1) Communicative intentions - the ability to gét'or give information from/to the
environment. For-example, a speaker uses language to give information about
objects and people, to direct other's actions, 10 express feeling, to promise or
pledge to do some action.

2)  Discourse rules - the child must fearn tie conventions of conversations in order to
communicate. For example, hefshe must be able to initiate a topic of
conversation, maintain that topic, cloxe the conversation, take turns with a
conversational partner, and repair the conversiution when breakdown occurs.

3) Taking the perspective of the receiver - a speaker must provide sufficient
informiation to a conversational partner 1o assure understanding of the message.
For example, the speaker must be aware of differences between conversational
partners and choose language appropriately, based on the age and role of the
receiver and the degree of shared information between the participants. This is
frequently accomplished in English by the use of cohesive devices (Halliday &
Hasan, 1976), words which tie sentences together, e.g. pronouns which are used to
refer to a previously stated person or object (Judy is my friend. She ix coming to
visit).

A current model of the English language development process explains the young child’s
acquisition of the above areas of lunguage within a frammework of communication of wants
and needs. The Interactionist perspective indicates thar the form of language (syntax,

morphology, semantics, phonology) may develop primarily through use. that is experiencing

the immediate environment with a primary caretaker. The caretaker helps the child focus on
objects and actions in the environment, providing a framework for taking tums acting upon
and talking about immediate events. This occurs through natural play and daily routines and

is a consistent on-going process. This framework provides opportunity for the child to
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learn the pragmatics of language through the tumn-taking process while language form is
presented through talking about experiences in which joint action and reference is maintained
by the child and caretaker. As the child reaches school age, complexity of language form
continues to develop through use and natural interaction (Lund & Duchan, 1993; Owens,
1992).

It is this current model of language acquisition and the areas of language form described
above that will be discussed in this synthesis in-relatio: to the development of media,

materials and technology for children with hearing lc ss.

Research in Enelish Lancuage Characteristics of Children with Hearing Loss.

The child born with a hearing loss is at a disadvantage from birth in learning English
through natural interaction with the environment and caretakers. Lack of auditory input
provides incomplete access to the form of language and may effect the ease with which
pragmatic aspects of English are learned, thus effecting conmmunicative ability.

There has been limited success in developing English language in deaf children well
enough to serve as an adequate vehicle for educational development, regardless of the
language modality used (Quigley & Paul, 1984). Thix paper, however, will not discuss the
contrcversy over what form of language (oral or signed) should be taught to young deaf
children. The purpose of this paper is to summarize the available research data describing the
specific areas of semantics, syntax and pragmatics that appear to be effected by hearing loss.
The area of phonology (speech sounds) will be described in a later section of this synthesis.

Although the above areas are treated separately for purposes of description, it must be
emphasized that they are not learned or used separately, but coexist in the process of using
language to communicate. When children do not learn language on their own in naturalistic
surroundings, language & communication programs need to be designed o encourage the
integrated acquisition of its various aspects (Nelson, 1993). The following studies focus on
the development of oral-aural and written knguage skills in children with hearing loss.

Semantics. The first words of young deaf children (whether signed or spoken) appear to
be similar to those of their hearing peers (McAnally, Rose & Quigley, 1987). They learn

words representing important people in their fives (e.o. mamnia, daddy), objects they can
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manipulate (e.g. sock, shoe) and objects and actions whose movements are easily identified

(e.g. cat, dog, open, hop). However, vocabularies of young deaf children may contain fewer
lexical items than those of hearing peers. They tend to have difficulty with English function
words and less knowledge of common content words (McAnally, et. al., 1987).

Figurative language is crucial to communication in English, both verbally and in writing.
Estimates are that figurative language may constitute as much as two-thirds of spoken and
written materials (Boatner & Gates, 1969). The most common forms of figurative language are
metaphors, similes, and idioms, most requiring the ability to determine similarities and
differences between various attributes (McAnally, et.al., 1987).

Hearing children who exhibit problems learning the English language demonstrate
difficulties in figurative language (Abkarian, Jones & West, 1990 Walluch & Miller, 1988),
as do children with hearing foss (McAnally, et. al. 1987). Clinical evidence .\'uppon..\‘ the
needs of deaf and hard-of-hearing children in this area, particularly in the use of idioms
(Hughes & Kuerbixs, 1985, McAnally, et al, 1987).

Syntax. In the area of development of oral English symax, 1he rescarch indicates that deaf
and hard of hearing children appear to develop similarly 1o hearing children, although at a
slower rate (Kretschmer & Kretschmer, 1978 Quigley & Paul, 1984). They move trom one-
word to two word plirases, then to subject-verb-object sentences,

Much of the research in the area of syntax has been with written language. Quigley & hixs
associates (Quigley, ctal., 1977; Quigley & Paul. 1984) have extensively studied written
syntax with deaf and had of hearing children, ages 10-18 yeurs. They have identified
specific syntactic structures that are problematic: the verb systen, negation, conjunction,
complementation (problems with infinitives), relativization, and question formation. In
addition, students appeat 1o use i subject-verb-object sentence pattern for all types of
sentences. Difficulty in writing sentences tansiates mto difficulty in producing clear written
discourse.

Pragmatics.  There s hittle rescarch 1o deseribe the wse of communicative intentions with
deaf and hard of hearing cluldien. There s ~ome mdication that deat pre-schoolers use
similar expressions of mtentions as do heanmz culdien (Pen, 19851 Althougly there is liude

research on the use of discourse tales by elntdien with heanmse Toss, this e s peteenved by
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experienced teachers as problematic for some deaf children (Brackett, 1983; Nichols, 1993).
Specific areas cited as difficult are topic maintenance, appropriate topic choice and repairing
conversational breakdown.

In addition, there is little research showing liow children with hearing loss take the
perspective of the receiver, provide information to a listener and if they do so easily. This
area is important to evaluate in children with hearing loss, particularly the use of cohesive
devices (DeVilliers, 1988; Kretschmer, 1989). Cohesive devices are the words that tie
sentences together in discourse. They include syntactic forms such as pronominalization,
conjunction, relativization, temporal adverbs (e.g. before, now, then), ellipsis (e.g. a partiyl
sentence: “..on the table”, typically used in response to a question), articles, and synonyms
(Kretschmer, 1989; Lund & Duchan, 1993).

Pronominalization, conjunction and relativization are syntactic forms that were mentioned
in the discussion of written syntax as problematic for children with hearing loss. These forms
are necessary to provide sutficient inforimation in discourse for understanding. There is soine
indication that this area may also be problematic in oral Enalish discourse. Hughes &
Moseley (1988), found that five college‘-ugé students with hearing loss demonstrated problems
with ellipsis, relativization and use of articles.

The above characteristics are not all inclusive nor are they present in every individual
with hearing loss. Research needs to be continued to examine the variety of different areas
that are necessary for communication competence and to determiine the specific characteristics

found in specific individuals with hearing loss.

Principles of Language Curriculuin Developient.

Using the model previously described in this paper, the tollowing principles underlying
communication curriculum development for children with hearing loss were described in the
Report of the Second National Workshop on Language Curriculum Development tor Students

with Hearing Loss in Australia (Power & Hollinasheud, 1982).
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1.  “Communication experience begins from the earliest moments of life.

Communicative competence is intertwined with and dependent upon cognitive and
social development.

2. The child’s attempts at communication should be valued when meaningful,
irrespective of the “correctness” of their form.

3. Linguistic competence includes phonologic, syntactic, semantic and pragmatic
features. Communicative competence includes linguistic, non-linguistic and para-
linguistic features. All these features of language and communication should be an
interrelated part of the school communication curriculum.

4.  Initially, ...children (with hearing loss) should acquire language through a normal
mother-child interaction model (conversational approach). If a child of school age is
assessed as having a significant language delay, this conversational approach should
be supplemented by systematic teaching based on principles of normal language
development.

5. The curriculum must concurrently provide the following situations in which lkinguage
acquisition can occur;
- conversation
- task oriented activitiex (in which language development is secondary to the
activities themselves)
- specific language teaching (in which activities are secondary to language
development...)

6.  The child’s carrent linguistic competence is the starting point of any language
prograin, and this competence needs to be continuously and systematically monitored
by an adequate evaluation program.

7. A curriculum should involve a dynamic process in which the child actively
participates.  Since language ix acquired through use, child-based activities and first-
hand experiences should be the major vehicle tor development.

8. Phonological and syntactic development depend entirely on a firm foundation of
meaning (semantics).

9. Given that language is best acquired in meaningtul situations with competent
models, opportunities should be devised (both within and outside the classroom) to
widen access to authentic interactions with a variety of people, taking into
consideration a child's level of competence and confidence.

10, Language has a variety of uses for conmmmunicitive functions and difterent forms may
be used 1o express the same Tunctions when situations and communication panner:.

98

Q 104
ERIC

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

vary, just as different functions may on some occasions be expressed by the same
form. It is important that children acquire these pragmatic features of language.”
(Power & Hollingshead, 1982, pp. 5-6).

In summary, these principles indicate that children with hearing loss need to be given
continuous opportunities to participate and use language through communicative interaction
with others in their environment. At the same time, they may need assistance in refining
specific areas of language.

This model for curriculum/program development is consistent with other ones used in the
field of Speech-Language Pathology for hearing children with language delays: for example,
McLean & Snyder-McLean (1978) discuss a transactional approach, Qwens (1991), a
functional approach and Nelson (1993), an integrated svstem.  This approach has been
encouraged for deaf and hard-of-hearing school children (Bonnickson, 1985; Hodgens, 1982;
Hollingshead, 1982). In addition, a maodel for Aural Rehabilitation with adolescents and
adults proposes integrative communication therapy centering on functional communication and
specific area refinement (Wilson, et.al., 1990). These principles are applicable for individuals
of all ages, from infancy through high school.

Inherent in these principles ix the inclusion of other commumication skill areas.  For
example, auditory skills, speechreading skills, speech and voice, sign communication, and
technology all must be considered for a complete program, as well as the language areas

discussed in thix section of the svnthesis.

Specitic_questions to be asked in this synthesis about language materials and technoloay.

I, What kinds of materials and technology are being used by professionals to develop and
refine English Tanguage use in children with hearing loss?

2. Do the existing materials and technology meet the criteria of the principles of intervention
described above?

How can new materials and technology best meet the needs of children with hearing loss?
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Methodology
Several methodologies were used in identifying programs and technology used with

children with hearing loss.

1. An computerized ERIC search was conducted. The following key words were entered in
various permutations: hearing impaired, language, software, deat, program, computer
assisted instruction, software. The computer search icentified appropriate responses from
January, 1982 through December, 1992,

2. Specific journals were further examined for pertinent arhicles published since January,

1982. They were: The Volta Review, American Annals of the Deaf, :ournal of Speech &

Hearina Research, Journal of Speech & Hearing Disorders, Language, Speech and Hearing

Services in Schools, Journal of Computer Users in Speech & Hearing.

3. Selected individuals, who have current contact with deal children, were contacted to
discuss types of programming used.

It is clear from additional review of reference lists and publishing catalogues that many
printed and technological materials purport 1o deal with language. The review of materials in
this paper is not intended to be all-inclusive, but to include those that are most commonly
used and that demonstrate prograin diversity.

Materials reviewed in thix synthesis are representative of the available programs that are
used by or recommended by Speech-Lunguage Pathologists. There has been no attempt to
examine reading curricula, or other language materials that may be important for teaching

content information in classrooms for deaf and hard-of-hearing children.

Printed Lanouage Materials/Prograins

Parent-Infant Proorams. The use of programs designed for infants with hearing loss and

their parents has become an important par of education and speech-language services  Bruce
(1986) surveyed 55 parent-infant programs to determine the materials that they used. Of the
respondents, approximately 61% of the programs used the SKEEHD materials designed at the
University of Utah (Clark & Watkins, 1985).

The SKI*HI program was the result off twelve years of rescarch, developrent and

experience 1t s i holistic approach o iome programimng fot hewnme unpaned children and
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their families and includes screening, referral and diagnosis as well as family training. The

home visit curriculum includes: parental readiness, psycho-emotional support for families,

planning and reporting home visits, hearing aid program, communication program, auditory

program and language stimulation program (with parental choice of either aural-oral or total .
communication). (Clark & Watkins, 1983).

The home communication program focuses on information to be given to the parents. It
includes information which emphasizes the importance of communicative interaction; how an
infant learns to communicate and what signals are important for communication; why and
how a child communicates; aspects of parental communication such as speech adjustiments
mothers make when they talk to their children (imotherese); the impornance of interaction and
conversation; and reinforcement. In addition, communication mode, aural-oral or total
communication is discussed in order to help the parents make informed decisions about the
mode best suited to the family and child (Clark & Watkins, 19853).

The home communication program also includes skill lessons for parents which emphasize

three areas:

1. Establishing an effective communicative setting by minimizing background noise,
encouraging the child to explore and play, serving ax a communication consultant by
encouraging the child as hefshe plays and explores, using interactive turn-taking,
getting down on the child’s level, maintaining eye contact and directing conversation
to the child.

2. Establishing effective non-verbal communication by use of facial expressions,
intonation, natural gestures and touch.

3. Establishing effective verbal communication by responding to the child’s cry,
stimulate babbling, identifying and responding to communicative intents, using
conversational turn-taking und using meaningful conversation.

The Home Language Stimulwtion Program is based on the following fundamental language
assumptions:

1. Language involvex the interaction of: (i)_content - what a child communicates, (b)
form - how a child communicates, (¢) use - why a child communicates.

2. Natural pareni-child interactions and conversations e the processes for language
development.
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3.  Normal language development should be the basis of the content of the program.

4. Language behaviors are an essential means of assessing language levels and
progress. (Clark & Watkins, 1985)

The Aural-Oral portion of the stimulation program focuses on skill levels designed to do
the following:

1.  Use conversation in four language areas: child care activities, parent task activities,
child initiated activities, and parent directed activities.

2. Select appropriate target words and phrases: vocabulary related to the specific
experiences and needs of the individual tamily.

hat

Increase use of target words and phrases.

4. Reinforce child’s expressive language.

5.  Expand child’s language attempts.

6. Maintain naturalness. (Clark & Watkins, 1985)

The curriculum goals, as stated, meet many of the principles of program development as
described earlier in this paper, providing language in a natural context. A positive feature of
the language stimulation program is the ability to modify the specific lessons to meet the
needs of individual families. Flexibility to provide for individuality ix inherent in the concept
of “naturalness”. In addition, provision of the needs of culturally ditterent clients (Damico &
Damico, 1993) can be accommodated through a program such as SKI*HL.

The early research done at Utah suggests that the SKI*HI provides effective ways to work
with parents (Clark & Watkins, 1985). Research into the efficacy of this program is
continuing. Data sheets are provided to parents and professionals 1o help track the progress
of the child and the parents. These data are submitted once @ year 10 the Evaluation Research
Center at the University of Virginia, for ongoing analysis (Clark & Watkins, 1985). However,
no published results of this longitudinal data were identified in the search conducted for this
paper.

There is a need for programmatic research in the field of deaf education and such research

should play an active role in the developrient and use of nes matenials (Mootes, 1935).
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Current discussion regarding the “best” way to help young deaf children develop a language
base, questions the desirability of providing an English oral-aural program to children with
severe hearing loss (Johnson, Liddell, & Ening, 1989). Since little research is available to
show longitudinal progress in any type of developinental program, continued research and
evaluation of existing and newly developed programs is essential.

The Bruce survey, identifying parent-infant program resources, did not specify what
materiais were usec by the programs not using SKI*HI (39% of the programs). In her article,
Bruce does list 10 additional resources appropriate for parent-infant programming: 40% of
those materials were related to infant development, but not specific to hea-ring loss (Bruce,

1985).

Programs for School-Age Children. Several individuals have undertaken surveys to

examine the kinds of instructional kanguige muierials used with deaf and hard-of-hearing
students in schools (King, 1984; Power & Hollingshead, 1982: Takemori & Snyder, 1972;
Wathum-Ocama, 1392).

Takemori and Snyder (1972) surveyed representing ten schools for the deaf in the United
States, and found 30 different types of printed materials which were quoted ax being used by
the language teachers. Only seven were designed for deaf children and only three of those
were specificaily designed at schools for the deat” for each school’s population. Respondents
to the survey worked on English language through the written mode, using creative writing

and correction of written English syntax as major methodologies. Takemori & Snyder

concluded there is a basic need for materials designed for children with hearing loss that
would assist teachers in working with written English.

King (1984) conducted a national survey to determine methods used to teach English to
children with hearing loss. Of 233 responses, most preschool progrins desceribed their
instructional approach as natural (emphasis on colloquial and idiomatic language) or a
comnbined approach sing natural and structural (the study of grammar and syntax) methods.
Programs at the higher levels, primary, intermediate, junior high and high school used fewer
exclusively natural approaches and more structural approaches. It was not clear whether oral

or written grammar and syntax was emphasized. Both of the studies: however, appear to
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emphasize that teachers are emnphasizing specific skill areas, particularly syntax and grammar,
at the school level.

More recently, Wathum-Ocama (1992) surveyed instructiona! language materials used in
programs for deaf and hard-of-hearing students. Sixty-seven percent of the 68 respondents
indicated the biggest problem was finding available age and interest-appropriate materials.
Forty-three percent of the respondents noted a lack of emphasis on appropriate skills,
although these skills were not defined. Sixty percent of the individuals surveyed designed
their own language materials, while 37% cited the Apple Tree program as their instructional
language guide (Anderson, Boren, Caniglia, Howard & Krohn, 1975). The Apple Tree
program emphasizes use of syntax and grammar (King, 1984 Power & Hollingshead. 1982).

The conclusion could be drawn from the above surveys, that many language materials
used with deaf and hard of ilcurin)g school-age children are materials relating to specific areas,
with particular emphasis on syntax and grammar. I the following section, several issues
related to specific teaching areas will be discussed.

Specific Areas. Syntax and grammar programs frequently involve identification of
subjects, verbs, pronouns, nouns, ete. Such identification of language elements constitutes
metalanguage: language used to talk about language (King, 1984). Children "s awareness of
the structural aspect of their language and thus, the ability to talk about language, appears 10
develop around six-seven years old and continues through the elementary school years (Smith
& Tager-Flusberg, 1982). For this reason, careful attention must be given to the suitability of
specific area programs in the area of syntax for use with young school children.

Power & Hollingshead (1982) muke several recommendations for the use of specific area
teaching programs. They indicate that preschool children and some children with very limited
linguistic competence may not be ready for specific teaching approaches, and that specitic
teaching not make up a significart portion of the school day. They encourage integration of
specific areas with each other and with regular curriculum and classroom interaction.
Following is a discussion of selected programs related to specitic area teaching.

The Test of Svutactic Abilities (ISA) (Quigley, Steinkamp, Power & lones, 1978) i a

diagnostic kit with a parallel teaching progrim. I5SA_Syntax_Program (Quigley & Power,

1979-81). The TSA ix based on a 6 vear study of children with hearing foss 10-18 vears of
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age. The test evaluates nine different syntactic areas: negation, conjunction, questicen
formation, pronominalization, verbs, complementation, relativization, disjunction & alternation
(Quigley, Power, Steinkamp, 1977).

The program provides a set of materials representing each of the nine areas. Interactive
activities for teaching the structure are presented, as well as specific Workbooks for each
aspect of the structure, to be used as follow-up activities (Power & Hollingshead, 1982). In
accordance with the interactive principles described earlier, the activities are seen as the
primary teaching/learning core of the program. Students are presented with a variety of
sentences with different meanings, but having the same underlying structure. The intent is to
encourage the student to deduce the rules of the granumr. According to Power &
Hollingshead (1982), the program addresses three of the specific areas of language:
semantics, syntax, and pragmaties (through the interactive teaching methods). They further
indicate this program may be used ax a model for the development of other materials suited o0
the specific needs of the students being taught.

This program relies on reading and writing and is reconmmended for use with children
ages 10 and above. The syntactic structures that are presented in this program are also
relevant for learning the use of cohesion and can be used for specitic written discourse
teaching. It appears this program does combine several nguage areas, while emphasizing
syntax.  Although the TSA itself wax developed after extensive research on children with
hearing loss, no journal articles were found which addressed the success of the teaching
methods accompanying the evaluation tool.

It is clear from a review of publishers catalogues that vocubulary and figurative language
programs do exist, but this search did not identity any specitically designed for children with
hearing loss. Power & Hollingshead (1982) indicate the existence of few specific programs in
the area of semantics which are desianed for children with hearing loss. They further
recommend the development of programs which tihe into account cultural factors, interest
level, and represent current experience. ‘Fheit gudelines infer the need tor Nexibility in
programs designed to teach vocabulary and figaiative kineuage to children with hearing loss.

Nippold, Schwarz, & Fews (1992) suggest the followmy surdelines i the development of

figurative language progriams for hearing cnldren who have ditficulie m thisamea 1)

1O
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Comprehension of figurative language improves gradually throughout childhood, adolescence
and into adulthood, therefore, children should not be expected to master many different
figurative expressions in a short amount of time. 2) Comprehension appears to improve when

figurative expressions are presented in meaningful and supportive contexts. For example,

oWy ¢

children generally find proverbs more difficult than metaphors, similes or idioms. Lessons
should gradually move from easier to more complex tasks. McAnally, et. al. (1987) indicate
the need for activities based on recognizing similarities and differences between various
attributes, since most figurative language is based on comparison. These guidelines are
consistent with some of the principles for programming described earlier.

Specific areas of pragmatics. Learning the rules of conversation is one aspect of

pragmatics, as defined in the beginning of this paper. Deyo & Hallau (1983) developed a

program entitled Communicate with Me: Comversation Strategies lor Deat Students. The

purpose of this program which focuses on student-to-adult interactions, ix 1o help deat
students improve their conversation xkills. [t includes seven units covering the following
areas: 1) selecting appropriate topics and communication methods, 2) gaining attention, 3)
tun-taking, 4) ending conversations, 3) repair strategies, 0) maintaning and changing topics,
7) combined practice areas from all units.

The Communicate with Me program wis desianed for studems 7-15 years old. The

program uses role-play activities, visuils in the torm of pictures, cards and books, as well as
checklists for rating self or others through video-tape analysis. The stories in the books and
the pictures represent every-day life situations encountered specitically by deat” students. For
example, one of the role-play activities describes a situation in which the student must
approach a deaf principal, begin a conversation about selling copies of the school newspaper
and then end the conversation (l)c:\'o & Hullau, 1983

This program addresses a speaific arei of kmguage widiir o cony ersational format. In
addition, it provides pictorial representation o the activities as well as discussion, The use of
visuglfpictorial design in instructional matenals for childien with hearing losxs i desirable
(Diebold & Waldron, 1988). The stories and pictaies are relevant to eaperiences of deaf
children. The flexibility of this program provides the potennal for integrating other arcas of

i

Linguage (¢.2. SCnantics, Pragmatic nientions ¢te 3 into the existing lessoins

]
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No written evaluation of the Communicate with Me program is identified. However, a
similar program, using role-playing and video analysis, was tried for 18 weeks with 12-13
year old deaf children in Queensiand (Murphy & Hill, 1989). The focus of this program was
on communicative function and included initiating and maintaining conversations, as well as
specific functions such as asking a favor, how to cope with being teased, how to make polite
queries, etc. Analysis of this progml.n indicated improvement and awareness of the skill
being facilitated as well as generalization to other spontaneous interactions.

There was no evidence of specific programs designed for working with the pragmatics of
taking the perspective of the receiver. However, there is informal clinical support that
teaching the use of cohexsive devices in English is effective in providing for the needs of the

receiver in verbal English as well ax written English (Hughes & Moseley, 1988).

Technology

Trachtenberg (1986) discussed applications of computers in working with deat children.
She divided computer usage into three major areas: 1) The computer as tutor. The tutor
mode is often referred 1o as Computer Assisted Instruction (CAl) and usually involves a
programmed presentation of subject material, student response, evaluation of student response
and determination of’ what to present next. 2) The computer as “tool”. In this mode, the
computer is used as a word processor, a data base that has been programmed to organize and
retrieve materials, or a calculator or spreadsheet. 3) The computer as a “tutee”. In this
mode, the student or teacher must leamn to program the computer.

Larson & Steiner (1985) discuss the use of the computer as  tutor and tool, indicating that
in addition to drill, practice and tutorials, the computer may be used tor: 1) simulation of
situations related to real-life; 2) instructional games which shui'pcn note-tuking abilities,
ability to follow directions, hypothesis testing, and cause-effect relationships; 3) problem-
solving activities permitting users 1o divide tasks into small steps; 4) exploration and
discovery, where the user can pose questions, make decisions, and solve problems.

Rose & Waldron (1984) conducted a survey of microcomputer use in programs for
childien with hearing loss. Microcomputers were used by S1% of the 342 programs

surveved. Seventy percent of the computer use deseribed by the respondents was CALL which
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they defined as involving drill and practice. Tutorials, defined as the presentation of materials
and questions to students, were also used.

Technological innovations have led to the use of the videodisc which provides capability
for random access to materials on the disc. This allows educational programming where
students can learn to locate specific learning sequences. In addition, the interface of
videodiscs and computers can to create visual material which interacts with dialogue
(Withrow, 1981).

More recently, technology has moved in the direction of more interactive teaching through
what is known as hypermedia learning. According to Jensen (1993), hypermedia learning:

7 _entails interactive and nonlinear navigation through learning material that reaches students’
senses --seeing, hearing, touching, smelling” (Jensen, 1993, p. 8). Clymer (1991) turther
defines hypermedia ax the use of date. text, graphics, video, and voice as components i
hypertext system with all the various forms of information linked together so that a user can
easily move from one to another. The key factor in this learning is the joiting of broad-band
networks where & computer may be in one state, learmning materials in another and groups of
learners located at different areas around the country. This type of multimedia networking
encourages social interactions and provides i promising avenue for language learning,

(Jensen, 1993).

Principles for intearation of CAl into language programnming,

The computer search for this synthesis did not yield anticles evaluating the use of CAl,
specifically software programs, for childven with hearing loss. However, an analysis of
publishers catalogues and discussions with speech-language pathologists confirms a plethora
of programs designed for teaching aspects of the English language 10 hearing students. Some
of these prograims many be adaptable for deat” and hard of hewing children. Examples are:

Fiourative Laneuaae (Abrahiam, 1984); Words & Concepts H (Wilson & Fox, 1993). Rather

than focusing on specific progrums, the following section of the paper concentrates on aeneral
principles to consider in the design of Tanguage programs for CAL
Steiner & Larson (1991 discnss gidehines for integrating computer technology into

lancuage intervention with childien Phen tocus is on what educators and speech-language
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pathologists need to consider about technology in order to provide a functional program for

children.

1. The focus of intervention should remain on the client. Software and hardware
should allow clients to focus on the content rather than on the computer itself.

2. Computer programs should be used within an integrative model; embedding these
activities in the context of the client’s total language program.

3. Theoretical principles must be considered when using computer programs. For
example, drill and practice with software would not be used if drill and practice is
not appropriate with other materials.

4. Computer-delivered stimuli. Stimuli can generate excitement from chitdren through
colorful and animated graphics. The stimuli must be easily identitiable by children,
and the graphics must move slowly enough for children to identify.

h

Computer-delivered responses must be appropriate for the child. For example, a
program that activates a speech synthesizer when a correct respouse occurs, would
not be appropriate for the child with a hearing loss.

6.  Computer-delivered reinforcement. Children enjoy the experience of controlling the
computer and being rewarded. However, reinforcement may be time-consuming,
may always employ a 100% reinforcement schedule, or may be distracting to
students.

7. Because functional communication is important 1o emphasize in language programs,
a clinician’s presence is needed so hisfher observations can serve as a continual
foundation for adjustment of language goals.

8. Software should be flexible enough to serve multiple goals: for example, one
program might include production of appropriate answers to Wh-questions,
generation of subject-verb utterances, and production of discourse to tell a story
about events displayed. Thus, a program integrates selected, semantic, syntactic and
pragmatic aspects of language.

Nippold,Schwarz and Lewis (1992) add to these guidelines the need 1o field test new

software through rigorous treatinent efficacy research.

Interactive computer programs for children with hearing loss.

Prinz. Pemberton & Nelxon (1985) discuss the ALPHA micracomputer system whish

cinphasizes exploratory learning, ather than progrannned instuction Tos approach involves
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an interactive computer system that allows the child to initiate communication to a skilled
teacher about a topic of interest. This is done by a combination of printed words on a
keyboard and any available language mode, such as sign, speech, ete. The resulting system is
one described by Prinz, et. al. as the teacher-plus-child-plus-computer system.

The ALPHA lessons contain four primary modules: individual words, creating sentences,
testing words, and testing sentences It was designed to familiarize beginning readers with
basic grammatical sentences. Vocabulary words are presented, using graphics, children can
then create noun-verb-noun sentences using that vocabulary, for example; DOG CHASES
RABBIT, or ALLIGATOR EATS COOKIE, with resulting animated graphics. Sign language
representations of the words are also available.  Once new vocabulary is presented and
sentences are created, the teacher can switch 1o the testing modules and assess the child’s
competence (Prinz, et.al., 1985). In addition to computer mediated learning, conversations
about the images on the screen can occur between the children and teachers.

The creation of a program which encourages interaction between the teacher and the child
is desirable for naturalness of conversation. The children have some control over choice of
semantic and syntactic forms. However, the ALPHA progriumn itself, limits the types of
sentences that can be constructed as well as the vocubulary involved. Specific suggestions for
integrating other language areas are not available.

Interactive videodisc systems have been used with children with hearing loss in an
extensive project at the California School for the Deaf at Riverside (Brawley & Peterson,
1983; Osksa, 1987). Student goals tor this project included:

“Improving students’ skills and understanding of the language structures evaluated by
the Test of Syntactical Abilities.

- Building students’ vocabularies.

Improving students’ skills in sequencing events, recognizing correctness in granmar
and syntax, question response, categorization, spelling, capitalization, punctuation, and
sentence construction” (Osksu, 1987, p. 78).

The system involves an authoring prograin for teachers which provides for the creation of
individual lessons in a short period of time. The lessons are menu diven, each consisting ot

a seriex of questions tekited to improving students” kinewaoce shidis The teacher may decide
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the type and number of questions to use for each individual and may use any combination of
skills described above {(Osksa, 1987).

The students are then exposed to the videodisc,.which includes a variety of video
sequences used for the language principles chosen by the teacher. The computer permits
student input and monitors student understanding and progress (Brawley & Peterson, 1983).

The videodiscs describe the experiences of an old miner and his friend. They visit places
and are involved in activities that one would expect to encounter in everyday life, including
the use of sign language. The visual sequences incorporate teaching of concepts from the
TSA. The software allows questions in each lesson, which determine the degree of difficulty,
to vary. Such flexibility makes the visual sequences appropriate for a variety of age levels
(Osksa, 1987).

This program teaches specific syntactical concepts known to Bié ditficult for children with
hearing loss. I addition, it provides visual input, fexibnlity for use with children of different
ages, and choices about the specific areas of syntax to be taught.  Although a stated goal of
the program is building student vocabularies (semantics), it is not clear how that occurs.
Teachers have choices about specific areis 1o be taught, but the choices are Timited to the pre-
programmed forms,

Network bused programs are carrently being used at all age and grade levels with children
having hearing loss (Bruce, Peyton. & Buatson, 1993). The ENFI (Electronic Networks for
Interaction) approach was developed at Gallaudet University, Washington, D.C. in 1985. The
purpose of this program was to give deaf students opportunities to use written English in
differing wavs.

The process of the network based program involves opportunities for several imdividuals
to engage in ongoing “real-time” dialogue. Messages are composed by individuals and
transinitted 1o all other screens involved in the network, As individuals type and send
messages, the messages scroll up the sereen, with the name of the sender attached, forming a
script similar to that of a play. While individuals compose on a private window at the bottom
of their screen. other messages from clss members continue to scroll up the screer.

Participants can tead previous messages, as well as continue composing new ones. (Bruce, et
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al., 1993). The computer stores the entire conversation, so that it may be reviewed at any

time.

The vision for the development of this program includes the following concepts:

1. New social dimensions in the classroom. This program would involve new roles for
both teachers and students in the classroom. The teacher would become more of a

collaborator, instead of a lecturer and student participation could be more equally
distributed.

2. Writing for authentic purposes. In this context, writing would become more
conversational and less formal. Students would be able to use comrmunicative intents,
such as persuading or informing in “real-life” situations; practice initiating and
terminating topic areas and negotiate meaning. In addition, students could compose
text and learn to move easily from one type of communication to another.

3. lmmersion in a writing commianity. Writing would be done for a present audience,
immediate feedback on ideas could be received. and nwre freedom and vatiety in
writing could occur.

4. Collaboration in writing. New approaches to writing may be developed. Participating
individuals may think and plan together and then write individually.

5. Writing across the curriculum. [t ix possible that writing in such a manner may
accomplish goals in curriculun content arcas such as muth and history. (Bruce, etal..

1993).
Bruce, et. al. (1993) discuss how different facilities use ENEFL S They discovered the
following six different “realizations” or groupings. 1), Discussion:  students represented their

own ideas by engaging in open discussion, Cross-uge tutoring, confrontation of issues, analysis

of data. discussion of texts. therapeutic discourse, brainstorniing and prewriting. 2). Role-
playing: students did not represent themselves on the network, but adopted roles, cither by
choice or for an assignment. They created dramatic productions and became involved in
specific role-playing scenarios.  3) Response 1o sudent writing  Teachers engaged in one-to-
one dialogue with students as well as xhifting from one student to another and students
worked together as peer response groups, evaluating and cutiguing cach other 4)
Collaboration in writing text, §) Language games such s 20 Questiolts, and 6) Distributing

text to be used for Later discusstons
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The ability to create natural conversation and dialogue is emphasized in network based

programs. In addition, there is potential for working with many forms of language:
developing narratives; using syntax and semantics; using pragmatic abilities such as the

expression of different intentions; cohesive devices; and rules for conducting discourse.

e cerverye

In two separate studies, the use of interactive conversational writing and writing about
experiences with no correction of syntax, were shown to result in improvement in the use of
syntactic skills (Harrison, Simpson & Stuart, 1991; Staton, 1985). These studies did not
involve computers. Staton (1985) described the use of a dialogue journal, where the student
and teacher passed « hand-written notebook back and forth.  She hypothesized that functional
interactive conversation can be created through writing rather than face-to-face conversations,
and correct grammar can emerge through the experience.  Harrison, et. al. (1991) indicated
similar findings using non-corrective \\-'l'ilill.g..

" The value of interactive writing prograims is well worth investigating using continued and
careful efficacy research. The ENFI program described above is clearly applicable to older
children. How network programs may be used tor voung children learning to write ix a

challenge for the future.

Recommendations.

Following are recommendations for future development of MMT for children with hearing
loss. These recommendations are based on the information presented in this section of the
synthesis.

1. The specific probleims of children with hearing foss are not well defined in the

literature, nor is there agreement on how best o encourage the development of
English language in these children. Thix suggests a need for program developers to
work closely with researchers to help determine the most important elements to be

considered for program development.

o

Little Tongitudinal evaluation to show the efficacy of programs which purport to help
the infant/voung child with hearing loss develop English language are available.
Such evaluations can be built into progriams. thereby proniding auidelines tor future

adjustiients and development
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Some programs viewed as “language” programs by professionals, are limited to only
one aspect of language, e.g. syntax. Although it may be appropriate to work on
syntax with certain children, it is desirable to clearly indicate that such a program is
limited in scope and addresses only one specific aspect of language.
Specific or task-oriented teaching is, by itself not consistent with a current model of
language development. A conversationa: intevactive-functional approach in which
children are involved in dynainic communication exchanges is encouraged. This
would necessitate further development of materials which are related to everyday
experiences and the process of communication.
Prograims do not consistently identify the theoretical base on which they are
developed. Thix suggests the need for a careful consideration of the model on which’
specific materials are designed and the inclusion of such information in the materials
themselves.
Professionals working with children with hearing loss, view the availability of age
and interest-appropriate materials as a problem in selection of instructional materials.
This suggests:
- A need to consider ditferent developmental levels for materials development, and
- A need to design instructional nuuterials which represent experiences that are
appropriate for children with hearing loss, for example, stories that tell about the
lives of deat children. In addition, cultural differences (e.g. Spamish, Black) need
to be considered.
Professionals working with children with hearing loss note a Lick of emphasis on
appropriate skills. This would suggest that within specific language areas, materials
need to be developed that address problematic aspects of language, e.g. figurative
language, specific aspects of syntax such as pronominalization and other areas
discussed in the research.
This synthesis emphasized the need for prograins 1o address several specitic areas of
language simultancously. Thu a simgle pogrinm or set of materials would have
multiple goals, e.g.in the arcas of syntan, senuntics and pragmatics, and would

provide tor interaction of tultiple ~kills
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10.

11

13.

15.

Programs in specific skill areas may involve the ability to taltk about and evaluate

ones own language. This ability, called metalanguage, has been shown to develop
throughout the elementary school years. Thus, careful consideration of
developmental levels is important when using such materials.

It is recommended that specific teaching approaches not make up a significant
portion of the school day. When specific materials are developed, they could
include suggestions for incorporation into the regular curriculum and classroom
activities. -—

Some MMT do not rely on visual input ax much as would be desirabie. Children
with hearing loss are dependent on  vision to input information; thus the need for
appropriate visual stimuli is crucial.

Programmed instruction (such asx CAly may not provide enough flexibility for
individualization. Incorporating teacher participation ino technical programs with
suggestions for integrating such lessons into the context of the classroom would be
appropriate.

Many technological programs have limited human interaction. The continued
examination and development of network based programs provides @n opportunity
for social interaction at the written level,

Most of the technological programs are used with ~chool-age children to refine
English Tanguage skills. It is important to examine how MAMT may be used in the
future to help develop a strong Lkinguage base tor children during infaney and pre-
school years.

Continuing research in language development will biing about a new understanding
of the process of development. This suggestis the need o design programs which are

able to be moditied and revised over time.

Limitations of this paper.

The complexity of language itself mukes o thorough evaluation of “language” programs

difficult. Language is involved in mental processes such as memory, probleme-solving,

inferencing, ete. There are probably many progruns avanlable that addiess these specitic
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areas and bear on the development and refinement of language use. In addition, there are

curricula developed for reading and teaching of other content areas. These areas were not

included in this research synthesis.

In addition, the use of MMT in preparing parents to assist their deat or hard of hearing
children in the development of language was not included in this review. Also, the issue of
“what kind” of program (aural-oral, Cued Speech, ASL, etc.) is most likely to encourage the

development of a strong language base for learning is beyond the scope of this paper.
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Media, Materials, and Technology for the Development of ASL
Elizabeth A. Winston, Ph.D.

INTRODUCTION

sergrrapRS e

This section of the synthesis focuses on the mediu, materials, and technology related to
American Sign Language (ASL) as it is used in the education of deaf children. The use of
ASL in education is controversial at this time and has only recently been accepted into
classrooms as a primary language of education. Because of this recent acceptance of ASL,
there exist limited resources for rexearchers, teachers, and parents in the areas of acquisition
studies, ASL teaching, effectiveness of education through ASL, as well ax in the areas

specifically targeted by this synthesis: media, materials, and technology.

This synthesis focuses on two areas:
1) A review of proposed curricudum that advocate the reaching of ASL as the first

language of instruction for deaf children. Only one such proposal exists at this

time, Unlocking the Curriculum: Principles for Achieving Access in Deaf
Education (Johnson, Liddell, & Erting, 1989). li proposes a philosophy for deat
education that endorses the use of ASL as the first language of deat children,
and proposes that English be taught using principles of second language
teaching, thereby providing access to printed academic materials in English.
This review is followed by « recommendation for accepting the basic auidelines
and suggestions of Unlucking as a starting point for further research and
curriculum development in this area.

2) A review of existing media. marerialy, and technologies related 1o the teacling of
ASL.  Ax in the review of curriculum, there is a scarcity of such naterial; most
consists of vocabulary lists of ASL signs. The few materials that have been
specifically developed are for teaching ASL 1o second language learners. |
review two programs that do exist in more depth: both have been developed with
an understanding of language acquisition processes and have heen intioduced

with the intention to evaluate the effectiveness of the mitenals as they are used
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Topics not included in this review: This review is intended to discuss the use of ASL as
a language in education. 1 have not investigated media, materials, or technologies related to
English signing systems such as SEE 11 or Cued Speech. Both of these invented systems use
manual support (either signs or cues) to aid children in speechreading and English
development rather than ASL development. ASL is a language that has evolved naturally
within the American deaf community as the common language of the community. It is a
language completely distinct from English, having its own set of linguistic and pragmatic
rules and structures. It is not, as many educators and researchers believed in the past, a
broken or inadequate representation of English (See Lane, 1984, 1992), for a discussion of the
graduai acceptance of ASL as a language.) There has been a proliferation of materials
developed to encourage parents and teachers to use these invented svstems with deat children
in the belief that such use will foster natural acquisition of English. These materials are not
relevant to the development of ASL, although some introduce communication strategies for
using visual communication systems. These visual strategies have been described based on
research investigating the interaction of deaf mothers who sign with their deaf babies; thus
these strategies would be applicable to the learning of communication strategies in ASL.

A second area that [ have not included in thix synthesis ix the use of sign language
interpreters to provide access to education for deat” and hard-of-hearing children.  Although
interpreters may provide visual access to media, materials, and technologies, they do not
themselves fit in this category. Many deaf children are educated in public schools through
an interpreter for some portion of their education. Thus, it is the interpreter who provides
sign language access to such mainstreamed classrooms. This type of education has been
accepted throughout the country as “inclusionary.” I.nowcver, there exists no research at this
time evaluating the effectiveness ot thix type of education. Issues that need to be addressed
in this area include the level of linguistic and cognitive development required of deaf children
before they can benefit from an interpreted education; the accessibility of educational
activities that require visual attention to two different inputs simultaneously; the quality of
interaction that students can experience in interpreted classrooms given the processing time
required for interpreting; the quality of an interpreted interaction for learning in the
classroom. especially in the lower erades Given the current populac ity of mainstreaming, or

‘inclusion.” such rescareh needs o be given wn immedute priovity




BACKGROU ND--HISTORY OF ASL IN EDUCATION

Early childhood deafness results in a home environment for many children in which the
native language of the home is not naturally acquirable by the deaf child. Children who are
not born into deaf families (these are 90% of deaf children) often experience delayed
language acquisition because they cannot hear (and thus acquire) the spoken language of the
home and because the parents do not know a signed language that the child could acquire
naturally. In the past, the deaf child has been required to learn the spoken language of the
home (through overt teaching). This emphasis on the spoken language has resulted in little
use of signing in education until recently.

More recently, hearing families have also had the option of leaming a signed language
or system so that the deaf child can acquire a visual language or system naturally. In the
1960's, @ major change in the philosophy of teaching Englixh 1o deaf children occurred.
Educators added signx to support the speechreading eftfons of these children.  Although not a
new idea (it existed before 1880), US educutors attempted to institute this new method of
communication, called Simultaneous Communication. The system is based on the belief that
a spoken language can be adequately reflected visually by matching English words with
manual hand signals. Many of the hand siguals were in tact borrowed from ASL and adapted
to represent English rather than ASL.

Several such systems were developed throughout the US. The moxt widely used at this
time is Signing Exact English, (S.E.E. I, Gustason 1980). These systems atempt to represent
spoken English visually by combining signs from ASL with English semantics and grammar.
These systems found acceptance among hearing families and educators who did not know
ASL but who supported the philosophy of using manual supporn systems for modeling and
teaching English. These sign systems were invented for Jhe purpose of teaching English to
deaf children and have proven controversial in the deat community and in deat education due
to the invented nature of these systems, (as compared o the nawrally evolved kinguage of
ASL).

The most recent approach to educating deat children ix based on the philosophy that the
natural language of children who rely on visual input ix a visual kinguage. This visual

language must be totally visual, with no reliance on any feawes that require auditory access,
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i.e. the language cannot rely on sound.' In the US this natural first language of deaf children
(the language that they can acquire normally) is commonly accepted to be ASL. This
language provides complete visual access for natural acquisition by deaf children. This

approach is controversial, and has been adopted by only a few schools in the US. It is

corcoanges

commonly referred to as the Bi-Bi approach (bilingual-bicultural).

This approach has focused on natural acquisition of ASL, encouraging parents and
teachers to provide rich ASL environments for deaf children, especially those who were not
born into them. These bilingual-bicultural approaches to deaf education, in which ASL
acquisition occurs as a natural by-product of interaction with users of the language, are
becoming more popular despite the lack of clear evidence to support them. My review
recommends that these programs receive much more attention from researchers and from
developers of media. materials and teclmologies because they provide for the most natural
access to education provided that deaf” students are truly acquiring ASL in the environment.

My section of the synthesis focuses on media, materials, and technology for ASL in
education. This brief description of the history of ASL in education is intended to clarify the
reasons that so little such media, materials, and technology exists. The recent acceptance of
ASL as a language of education means that little is known about its use and effectiveness for
education. The underlying assumption is that, given a natural, completely accessible language
such as ASL. deaf children will acquire language and progress through education normally.
Littie is known about the effects of such enrichment environments on children who do not
enter them with some pre-existing language that can be enriched. It has been assumed that
these children (primarily those from hearing famities) begin to acquire ASL at whatever age
they first encounter it. The programs that endorse ASL. ax a first language therefore do not
provide specific and explicit teaching of ASL 1o these students. Such an assumption needs

ivestigation.

1) REVIEW OF PROPOSED CURRICULUN FOR FIRST LANGUAGE ACQUISITION OF ASL.
At this time there exists only Himited research on the acquisition off ASL as i native

language.  Ax these studies progress, educators will understand more about the underlying

1/\lllmu‘uh nuny deat chbdeen have some ieveb ol residaal beamme. they canmmot rely completely on this hicaring

tor natural Lingaaee sogquisiton The ondy Lineuaee it s complo el aocosable o deat childyen s oo visaal
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processes of ASL acquisition. In the interim, several assumptions are made in the
development of educational programs intended to introduce ASL as a first language and
English as a second language for deaf children. One such assumption is that deaf children
with no other handicapping conditions will acquire ASL at any age. Thus, there is no
emphasis on teaching ASL to deaf children, no matter what age they first are exposed to
ASL. Children from heanng families, for example, are often not introduced to ASL until the
age of two-five (or even much later). When they are eventually enrolled in a school system
that provides them with ASL input, it is assumed that they will automatically acquire ASL.
While deaf people’s experience points to the general validity of this assumption, it has not
been verified through any sort of investigation. Given the late exposure to ASL that many
deaf children get, it must be assumed that there may be sonie problems in this acquisition that
could be avoided or ameliorated through focused teaching of ASL structuies to these children.
As investigations of ASL acquisition have been instituted, so have educational programs
that incorporate ASL as the language of instruction. Although not yet suided by research
results, they are guided by general education and language development principles. These
have been brought together in a document entitled Unlocking the Curriculum: Principles for
Achieving Access in Deaf Education (Johnson, Liddell and Enting, 1989). This document
proposes a model for bilingual-bicultural education for all deaf children that includes both
explicit teaching of ASL and implicit acquisition through a language-rich environment. The
proposed model recognizes the need for early exposure to ASL and suggests a model for
providing it. Although some ‘bilingual schools” have been set up around the country (and the
world), the approach cannot be labeled strictly bilingual. The practical reality is that deaf
children will not be able 10 use spoken fanguage input tor learning content in the curriculum.
All live teaching can only be done through signs: either ASL o1 an English-based system that
inadequately reflects the form and substance of the spoken language, or through a written
English medium.  Additionally, deat children will not becone literate in both languages,
because ASL does not have a written form. I and when a written form is developed and its
use becomes widespread, this problem may stowly change as materials are written andfor
translated into written ASL. Thus, the form of the educanion s nedraly bi-lingual as many
people understand it -spontaneous communication will tike place only through sians (ASL)

and Titeraey i developed only i Bnghshe Based on Titeraey e Enghish, students learn to
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speak and speech-read, once they have something on which to base their speech and

speechreading.

The model proposed by the authors of Unlocking the Curriculum is bases on the

following basic tenets (pgs 15-19):

Deaf children will learn if given access to the curriculum.

The first language of deaf children should be a naturally accessible sign language
(ASL in the US).

The acquisition of a natural sign language should begin as early as possible in
order to take advantage of critical period effects.

The best models for natural sian language acquisition. the development of social
identity, and the enhancement of self-esteem for deat children are deaf signers
who use the language proficiently.

The natural language acquired by a deaf child provides the best access to
educational content.

Sign language and spoken language are not the same and must be kept separate
both in use and in the curriculum.

The learning of a spoken language (English) for a deaf person is a process of
learning a second language through literacy (reading and writing).

Speech should not be employed as the primary vehicle for the learning of a
spoken language for deaf children.

The development of speech-related skills must be accomplished through a
program that has available a variety of approaches. each designed for - specific
combination of etiology and severity of hearing loss.

Deaf children are not seen as “defective models” of normally hearing children.
[The authors] concur with one of the observations of the report of the
Commission on Education of the Deaf. that “"there is nothing wrong with being
deaf’ (1988:vi).

The "Least Restrictive Environment” for deat children is one in which they mav
acquire a natural sign language and through that language achieve access to a

spoken language and the content of the school curriculum.
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The authors of Unlocking the Curriculum also propose a model for designing an
educational program that follows their stated philosophies. Although it is not explicit in
terms of the implementation of such a program, it provides broad guidelines for developing
such a program and suggests specific components of the curriculum as well as directions for
further development and research. Program components would include the following (pgs.
1923):

|-Family support program

« providing support and a rich language environment for the deaf child and the

« family through support groups

« weekly deaf community contact (foster grandparents)

« family education and counseling by professionals

o weekend camp programs to provide occasional intensive contact with the deaf’
community

o summmer camp programs to provide yearly, long-term contact with the deat’ community

An essential component of their maodel ix the Child Development Center-where children

would be immersed in ASL interactions.

2-Family-Infant-Toddler program, to include programs tor

-the Family:

ASL teaching
family counseling
deafness education

-infants-toddlers:
ASL acquisition
play groups with focus on language and psycho-social development
readimg readiness
speech readiness
auditory stimulation

cognitive development

socio emotional development

¥ X
motor <hills developmem 1 3 4
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3-Preschool-kindergarten

ASL acquisition

play groups with focus on language development

reading skills

speech skills

auditory stimulation

cognitive development

socio-emotional development

motor skills development

4 -Grades 1- | 2

add English literacy skills

They recommend an administration, research and development section that would focus

on the language acqui

sition of these children, suggesting research and development along the

following lines (pg. 22):

l.

N w»m R

Videotapes for sign language training directed 1oward both parents and
children

Print materials for reading readiness, reading and writing

companion print and captioned video materials 10 accompany standard
grade level content sources

Video materials on deaf people and their way of life

Print and non-print materials for teaching English as a second language
Print and non-print materials for teaching ASL. ans

Exploration of interactive videodisc-computer technology for the
provision of comparative ASL and English passages, as described by

Hanson and Padden(1988)

Unlocking the Curriculum is the mosi explicit document to date regarding ASL.

acquisition. It does n

ot provide a curriculum as such, but recognizes the necessity of

providing an environment where deaf children can acquire ASL naturally without having to

progress through a cu

rriculum at the same time. The aumidelines and recommendations for

development and research as outlined in Unlocking the Crrricudion have not vet been fully
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established and evaluated in any program. The three bilingual-bicultural programs in the US
(The Learning Center in Massachusetts, The Indiana School for the Deaf, and Fremont School
for the Deaf) have incorporated many of the basic tenets if not the actual model. These have
become officially Bi-Bi only within the last five years. It is t00 early to tell if these
programs are proving any more successful in providing appropriate access 10 education
through their focus on ASL as a primary language of instruction.  Other schools, such as
Kendall Demonstration Elementary School which is housed at Gallaudet University in
Washington, DC, are not officially bilingual-bicultural programs but are currently allowing
teachers to use ASL in the classroom.

For the past three years, faculty from these programs across the US have attended a
series of conferences focused on bilinguai-bicultural education for deal children. The
emphasis of most presentations has been the need for such education and an outlining of the
possible components of such progranis. These outlines are similar in most wayxs to Unlocking
the Curriculum: this emphasis highlights the relative newness of the philosophy.  Presenters
have not yet focused on how to implement these programs in any depth. However, based on
the experiences of similar programs in Sweden and on the general principles of language
acquisition and educational etfectiveness, the philosophies and recommendations of Unlocking
the Curriculum offer a preliminary model that includes explicit teaching of ASL as well ax
language rich environment for the natural acquisition of ASL.

Bi-Bi education for deaf children has been practiced for a longer time in Sweden. In a
1991 report on denf education in Sweden and Denmark, Davies describes similar educational
philosophies for deaf children. They begin with the assumption that deaf children will
acquire a sign language normally if given the opportunity .

Both in Sweden and in Unlocking the Curricudun, there are two main eimphises the
provision of a rich and natural sighing environnient that allows deat childien to acquiie
language naturally; and the involvement of ihe adults in the deat child's family in learming

signing and in interacting with deaf aduhs.

RECOMMENDATIONS FOR CURRICULUM AND PROGRAN DEVELOPNENT
The most important guidelines for developing medi. matetitbs, and technologres for
deaf and hard-of-hearing childien i tenns of ASE acquision ae those that will provide

them with carly and frequent opportanities to acqune this vistad Tanenase navnadiy tduongh
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interaction with native adult signers, and later with signing peers. These are the principles for
promoting and encouraging normal language acquisition in any child and are the accepted
norms in the field of acquisition of ASL. Althougit the study of ASL acquisition as a native
language is relatively recent and longitudinal studies have been underway for only a few
years, previous investigations of such natural acquisition indicate that deaf children exposed
to normal language environments progress through predictable stages of ASL development,
becoming competent language users who can go on to learn a second language such as
English successfully. The goal of educational programs that encourage the introduction of
ASL as a first language to all deaf children are to provide them with rich and frequent
opportunities to interact with fluent signers in order to encourage language acquisition in
conjunction with cognitive development. This goal is the same for all deaf children, whether
they are both into such an environnient or must be consciously provided with such an
environment.

Development of media, materials, and technologies for ASL must be guided by research
and understanding of the acquisition of ASL by children from their parents.  Such acquisition
begins with the early acquisition of prelinguistic teatures of ASL such ax appropriate eye-gaze
and attending behaviors, attention-getting beliaviors, turn-taking behaviors, conversational
pragmatics including opening, maintaining, and closing behaviors for communication; and the
early understanding that gestures and movements are meant to communicate.  Acquisition
continues through more and more complex linguistic development until children become
fluent signers. An understanding of these stages must form the basis of research and
development of any media, materials, and technologies in order to be effective in the
development of ASL skills in education.

Development of effective mediu, materials, and technologies should be based on the
results of research and experiences of programs built around the philosophies of Unlocking
the Curriculum. Research money should be directed toward investigating the specific
methods used for providing a language-rich environment for deat children, the natural stages
of ASL acquisition in deaf homes (including- the prelinguistic stages of acquisition,, the
effective methods of encouraging hearing family-tembers to become involved in learning
ASL ax o second language, the elfectiveness of such an ASL as (irst Linguage/English as
second language approach in the education of deat” children. Development of media,

materials, and technologies without first understanding these issues will lead to the
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development of many language programs that are ineffective for improving, language
acquisition and therefore the education of deaf children.

One essential aspect of research in this area is classroorn oriented research that values
teachers and parents input, especially that from deaf parents and teachers regarding growing
up deaf and learning visually. The input of native signers has usually been ighored in
educational policies. Using the knowledge and experience of people who are most aware of
the visual needs of deaf children will lead to curriculum and materials development that will
be both theoretically sound and practically feasible in the real world of the classroom and the
home.

It is also necessary to value the input from the hearing family members regarding
learning how to adapt to visual life and visual communication on a daily basis.  Adapting to a
visual mode of communication is not simply & matter of adding- signs to conversation; 1t is
an awareness of the visual nature of deal children’s learming. Hearing family members must
learn to adapt attention-getting behaviors (parents cannot get their deaf’ child’s attention by
calling them from behind), conversational patterns (visual conversations require visual
contact-they cannot occur when one person is in another room or is looking away as they can
with spoken communication), and common teaching behaviors (parents must learn to face
their deaf child before giving them new information and they must learn that they cannot
point at an object and talk about it at the sanie tine-w very Common behavior with hearing
children).

The guidelines proposed by the authors of Unlocking the Curriculun for the
development of ASL and the education of deat children provide a reasonable starting point
for the development of media, materials, and technology for the development of ASL in deaf

children.

2) REVIEW OF EXISTING MEDIA, MATERIALS, AND TECHNOLOGIES

Following the principles of language acquisition and educational development Unlocking
the Curriculum, 1 have found very few materials that incorporate more: than fists ol signs and
simple sentences.  All materials had one common claracteristie-tiey were designed tor people
who are already competent in one linguage. This languae was usiadly English and the
target population for these materials is ustally heanmg parents on teachers of deat childien;

the materials present ASL with pictures and wiitien nalish descriptions of signs and ASE
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grammatical rules. Only one program that I found assumed competence in ASL in order to
teach English as a second language. 1 found no materials, media, or technology that focused
specifically on teaching ASL to deaf children. Given the assumption that ASL is acquired
through interaction and exposure, 1 did not expect to find explicit materials for ASL
acquisition. 1 did not find any materials that presented explicit rules of ASL structure
designed for deaf children; these types of materials are found in abundance for English but
do not yet exist for ASL.

In this section 1 first discuss in overview the variety of video and printed materials that
are available for learning ASL. ( Most of the available videotape series and curriculum that
do exist are based on some type of English curriculum and English signing, such as SEE I,
and have not been reviewed. These often have vocabulary lists of signs that are to be used in
conjunction with English grammar.) | follow this with an in-depth discussion of the two
programs that incorporate some of the principles tfrom Unlocking the Curriculum and a clear
research agenda for evaluating the effectiveness of the programs. Both types offer interesting
possibilities for further development of ASL media. materials, and technology.

Given the recent introduction of ASL and the philosophies of Bi-Bi deaf education, it ix
understandable that the areas of media, materials, and technology are lacking in materials.
The media, materials, and technology that exists have been directed toward the teaching of
ASL to the hearing family members of deaf children. The goal of these materials is to help
these family members communicate naturally with the deat child and to allow them to be
language models for their deaf children. The three areas of media, materials. and
technologies are integrally related: most rely on some type of technology to visually
reproduce the signs of ASL and are accompanied by written materials that describe or explain
the signs and grammatical structures in English. (These materials are supplied in English
because ASL does not have a written form.) The descriptions are accompanied by drawings
or pictures of signs. All of these materials have one feature in common- they all assuine a
competence in one language to teach ASL ax a second lunguage. Many of these materials use
video technology to demonstrate signs for students.

Examples of these videotapes are:

Fables and Fairy Tules:
Consists of five one-hour videotapes with fables and fuiry tales signed in ASL. with

English voice-overs. 1t is also possible to buy  variety of writtea materials to complement
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the collection--printed text; crossword puzzles based on word from the texts; word challenges,
secret message decoding; scrambled wo.rds; drawing activities, connect the dots,
coloring/tracing pages, solve the maze, teacher answer keys (Description summarized from the
Sign Media Inc. catalogue)

All . -hese activities are based on the assumption that ASL is aiready in existence. these
can be used to provide an enriched input and for teaching English as a second language (or
vice versa-used for English speakers who are trying to learn ASL); not geared specifically for

any age group although the content makes them most suitable for young children.

Parent Sign series:

This is a series of 10 videotapes that are designed for hearing parents and families of deaf
children. They are aimed at helping the parents learn ASL as a second language -the format
shows a series of family situations and interactions with vocabulary and grammatical
structures. They are for teaching ASL as a second language-the sign vocabulary is
accompanied by English glosses (Description sumniarized trom the Sign Media Inc.
catalogue).

This set of (and type of) tapes addresses the need for those parents who are hearing to
have access to learning ASL. Each tape is one hour long and can be used independently by
parents at home. This indirectly addresses the need to expose deaf children to signing by
helping their parents sign. It could also allow the deaf children to watch sigiang, but would
not promote acquisition since it does not provide interaction.  Interaction might be achieved if
parents learmmed and played with the child while learning.  However, it cannot make the

parents appropriate ASL models for their deaf children.

Rainbow's End:
This was a TV seriex produced in the 19705, five tapes 30 minutes long-similar in format
to Sesame Street; again, il is aimed at enriching the children’s envitonments, building

vocabulary, and language use program had the following stated goals:

To provide persons and situations which will enhance the self image of deat children
- To encourage activities which lead 1o the acquisitions of English kinguage and reading

skills

To stimualate family interaction s well as interaction within the clissroom
Y
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-- To present too hearing persons an awareness of the communication and culture of deaf

persons
Each tape also comes with a workbook.

(Description summarized from the Sign Media Inc. catalogue)

This program is aimed at building English through visual enhancement and through
ASL, but it also provides sign instruction and a motivating way of showing signs to children

and of exposing them to sign language.

Bravo Family Series:

This is a series of videotaped scenarios at a slightly more advanced level that introduces
ASL in context. These are geared for an older group and are intended for use with English
speakers who are learning ASL ax a second language.

Many of the materials advertised as teaching sign language are not explicit about whether
they are English signs or ASL; others promote confusion by advertising that they teach ASL
signs in English word order. Since ASL does not have the same set of signs that English has,
this is not possible--ASL does not use the same determiners that English uses, for example;
therefore materials cannot match ASL signs to English sentences.

Many tapes and games promote the learning of the manual alphabet only and do not
include any sort of grammatical instruction at all.

Books advertised had same disadvantages as the videotapes: many are vocabulary lists-
some are English signs and some are ASL signs. Although some curricula exist for teaching
ASL as a second language, all are aimed at adult learners and are not suitable for children in
the age group of this synthesis.

Overall, the video materials and books do not provide any focused attempts to present
ASL as a language system for children in this age group. They are generally vocabulary and
sometimes sentence based. A few place signs in o larger context of story tellina-these are
often accompanied by written texts and are desianed for teaching English as a second
language to people who already know English (or perhaps could be used vice versa).

Most consist of lists of vocabulury aimed at the needs of parents with young children.

These are inadequate to teach competence it ASL tor heawng patents. There are, however,
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two different video projects that provide more than simple lists of vocabulary- one is an

interactive videodisc program and one is a videotape series.

Interactive Videodisc Technology

The interactive videodisc program was originally developed by Hanson and Padden
(1990). It was developed as a tool for teaching English as a second language to deaf children
who are already competent in ASL; it is intended to teach reading and writing of English as a
second language to students in grades 3-6. It was developed in collaboration with IBM.
After the initial study of this program IBM has not actively pursued its development or
expansion. It is not available for use although it is a promising technology for ASL teaching.

This is an interactive videodise program that usex ASL storiex to teach reading andfor
writing iir English. (In fact, the authors also report great interest from adult participants
(teachers) in using this technology for the opposite purpose: teaching ASL ax a second
language to English speakers). Using the program, students can choose to try to read an
English story, answering questions about the storiex using written English to test their
understanding at the end. They may ask for translations of any section of the story in ASL in
order to enhance their comprehension at any time. Botli the stories and the questions are
provided in both written English and in ASL, aflowing the students to use either the ASL
version or the English version or both.

Children can work individually or in pairs; the researchers found that pair work
stimulated interaction about the stories and about the processex involved in moving from ASL
to English. The children were very enthusiastic about the process. Thus, it was not only the
program itself that helped to develop language (in thix case English), but the interaction
between the children helped to develop language competence in ASL and allowed them to use
ASL to learn about English.

Although this specific research project was aimed at teaching Englisn to deaf children
already competent in ASL, it reveals the value of thix type of program for maintaining the
interest of deaf children in a language lesson. This type of program could be adapted in
various ways to teach either ASL or English. Thix technology also has potential for parent-
child ASL acquisition: hearing parents who are trying to learn ASL as o second language in

order 1o use it with their deaf childien could wateh these dises with then children; it might
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provide interactive stimuli for them to use with their children. Perhaps also deaf adults could
use this type of program with both the parents and the children, modeling interaction in ASL.

The advantages of this type of program are that it can provide an interactive leaming
environment that is interesting to children--this encourages language leaming and could entice
parents and teachers to improve their ASL with children in a non-threatening environment.

If it were available at schools, parents could have access not only to the program, but
might be more enthusiastic about participating in the child’s education in general.

The major disadvantage of thix type of progruam is that it requires access to computer
equipment and programs that many parents may not have at home-the technology itself is
expensive and may be intimidating. A second disadvantage is that developing the videodiscs
is expensive and time consuming. However, as computer aid video technology progress, both
of these disadvantages may become less problematic. CID ROM technology also offers the

prospect of such interactive programs for families and for deaf children learning ASL?.

Sign With Me - videatape series

This series of videotapes, Sign With Me: A Family Sign Program, developed by Mary
Pat Moeller, Brenda Schick, and Kevin Williams from Boys Town National Research
Hospital in Omaha, NE, ix designed for the development of ASL. skills in caregivers of young
deaf children. The curriculum is designed 1o integrate signing skills, linguistic development,
pragmatic communication skills, and parenting <kills.

The developers have designed a seriex of three units intended for parents of infants and
toddlers; pre-school age, elementury school. Each unit will include 2 videotapes that focus on
vocabulary, functional phrases, facial expressions, pacing and phrasing. The goals of the
designers of these seriex go well bevond the gouls of most video series: in addition to adding
to the vocabulary of caregivers, they want the caregivers 1o develop conversational fluency
both in signing to children and in understanding childrens they will develop fluency in

communicating with o variety o mative signers, their stening Mueney will be beyond that of

In the vear stive this review was subnitrad the tedhnology of video conterenang has become more viable.
Video-conterencing coukd provide more miteractine tope settmes for deat claldien and parents with deal role

models ol ASE and signed interaction. 1
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the children, and they will leam about parenting techniques relevant to visual communication
and language development.

To date, it is the most sophisticated ASL video series in terms of incorporating what is
known of linguistic, pragmatic, and learning principles in ASL. At this time only the first
unit is available for purchase. The second is in production.’ The designers have begun some
follow-up research into the use of these tapes and have so far collected responses from
families who have begun using the tapes and accompanying workbooks. Parents appreciate
the exposure to both the signs and the parenting models provided on the tapes, and feel
supported in their learning by the tapes. They have also remarked about the ease of using
these in their homes at their own pace.

The major advantages of thix type of material tor lewrning ASL are those mentioned by
the parents. Because it is designed for videotape. the technology is accessible to most
parents. They attempt to provide language models rather than vocubulary lists, recognizing

the importance of all aspects of communication. The intention of the designers at this time is

to make the series available through video outlets and public libraries-achieving wide
dissemination at nominal prices. The designers also emphasize the need for caregivers to
understand children’s signing, an area that is neglected in most ASL teaching materials.

The major disadvantage of this type of material is that it does not require interaction
with live language models; although the designers encouriage parents to use these in
conjunction with classes and interaction, the very independence that they allow can be
detrimental to successful language learning it substituted for real interaction. It also has the
explicitly stated goal of providing hearing caregivers with ASL competency that allows them
to be ASL models for deat children.  While they may be able 1o achieve some measure of
communicative fluency through these tapes, it is doubttful that any second language learner
could provide an adequate languiage model for a child. It is especially doubtful that second
language learners who are learning only the vocabulary and structures included on the tapes
and who are learning them at the same rate that the deat child progress through the stages can

provide adequate Hnguistic imput for acquisition

RECOMNMENDATIONS.

3Since the original subimission of this review s the second umt e been produced and the dard e production

o P 144
ERIC

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

Media, materials, and technologies should be developed based on findings of programs
that encourage the development of ASL as a first language. Materials that appear to be the
most promising to date are those with interactive video leurning and videotape series that
approach ASL development with the perspective of developing all aspects of the language,
not simply a list of vocabulary. Materials that have been found to be especially effective to
date include sign language courses that incormporate videotapes and interactive videodiscs. The
most important characteristic of language acquisition is interaction with users of that
language; thus, any materials that encourage such interaction, either between adult language
models and deaf children or between deaf children themselves are predicted to be the most
effective for developing ASL and therefore for providing access to education for deaf
children.

Materials and technology that encourage family members to interact with adult language
models are also needed. The development of videotapes wnd interactive computer programs
that families can use at home will be useful as fong as they focus on language learning and
not simply on lists of vocabulary. They will also only be useful if they provide
communicative information to hearing tfamily members: information abouwt how 1o get a deaf
child’s attention, how to interact visually. and how to recognize stages of ASL acquisition in
their deaf children. The use of interactive video-conferencing technologies may make it
possible for deaf children to acquire ASL from native signers more effectively ax well. This
type of technology-aided communication should be investigated for both language acquisition
and education for deaf children.

Another direction for materials development is that of training native signers as teachers
of ASL. Trained native signers provide an informed language model for both deaf children
and their hearing faiilies. At this time, only one such program exists in the US. It is a
master’s degree program and is currently housed at Western Maryland College. Again, these
teachers and role models could be made more accessible to deaf childven and their families

through interactive video-conferencing.

CONCLUSION
The clearest finding of this section of the synthesis i the Lack of curriculum, media,
materials, and technology available for developing ASLL in the target group. This finding

underscores one of the main reasons that bilmgual-bicultmal programs have met with
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resistance from so many educators -the lack of a defined curriculum for developing ASL, in
addition to a lack of curriculum that would help these educators become fluent in ASL in
order to work in ASL programs. These gaps lead to the recommendations in this section.
Recommendation #1 is to develop a curriculum based on the needs of children in
acquiring a visual language. Development of this curriculum should take full advantage of
the knowledge and experience of those involved in Bi-Bi programs, especially native signers
and experienced teachers. This curriculum would provide for a consistently rich ASL
environment for deaf children that includes both ASL enrichment goals and explicit teaching
of ASL structure, including both linguistic and pragmatic aspects of ASL communication.

Such a curriculuin needs to be developed based on research into the stages of ASL acquisition

in deaf children from families that use ASL ax their home language.

Recommendation #2 is to develop media, materials, and technologies such as the
Interactive Videodise program, the Sien With Me: A Family Sign Program, and interactive
video-conferencing that can actively direct and enhance the language acquisition that should
be occurring within the ASL environment provided by the curriculum. There are two target
populations for these media, materials, and rechnologies: deaf children, especially those from
hearing families that cannot provide natural access o ASL because it is not their own native
language; and familiex and teachers of these children, who need to be able to communicate

effectively with them and who need to be able to recognize the progress of ASL acquisition

in the children This review has shown that the Interactive videodise program arouses
enthusiasm tfrom both studemts and lc‘uchcr.\’:.lhc Sign With Me program has generated
enthusiasm from heating families with deaf children. Such interest in fearning ASL is an
important first step in the developnient oft ASL <Kills in deaf children. The turther
development of such teaching materials and ot curriculnn that guides such materials needs to
be based on research investigating the effectiveness of the curriculum and materials in
providing access to education for deat children. This research is a vital first step in the future

development of any and all media, materiabs, and technology
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Searches and Sources:

Periodicals searched:

1992-1993 American Annals of the Deaf
1987-1993 Educational Technology

1987-1993 Educational Technology Research and Development.
1986-1993 Computer and Education Journal

1986-1993 The Computer Resource Quarterly tor People with Disabilities

Computer Searches on:

ALAD:  Washington Research Library Consortium
DWIL: Periodical Indexes (multi-subject)
PAPR: Newspaper Abstracts

ERIC: Educational Resources Information Center

Topics searched:

Hearing Impaired and Language Programs

Deaf and Language Programs

Hearing Impaired and C.A.l. and Language

Hearing Impaired and Language and Software

Deaf and Language and Software

Hearing Impaired and Language and Programs

Deaf and Language and Programs

Hearing Impaired/Deat and ASL and Language Progarums
Hearing Impaired/Deal and ASL and CAL

Hearing Impaired/Deat and ASL and Softwire
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Hearing Impaired/Deaf and Interactive video and ASL{Language
Hearing Impaired/Deaf and Multimedia and ASL/Language/Language Programs

Hearing Impaired/Deaf and ASL and Laser discs

Other Sources Used:

Notes and translations from presentations at Deaf Studies-What's Up conference, 1992 at

Gallaudet University

Personal Communication: Dr. Carol Padden, August 1993

Personal Communication: Mr. Kevin Williams; October 1993

Personal Communication: Dr. Clairz Ramsey, August and October 1993

Personal Communication: The Learning Center for Deaf Children

Personal Communication: Indiana School for the Deaf
Shareware Catalogue.s

CD ROM Catalogues

Berlitz--re: ASL

Educational Materials Catalogues re: Deafmess and ASL
Sign Media Inc.

Gallaudet University Bookstore

Sign Enhancers
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Oregon Literature Synthesis: Speech teaching
James Mahshie, Ph.D.
Professor

Director, Speech Communication Laboratory
Overview of synthesis

The aim of this synthesis is to examine existing media, materials and technology (MM&T)
for improving the speech production skills of children who are deaf or hard-of-hearing. The
synthesis is organized into three sections. Section | describes a series of background issues
such as the sources of the synthesis, description of settings, etc. Section 2 explores the
pedagogical framework in which speech teaching occurs, along with an examination of how
well current MM&T facilitates speech teaching within this framework. Section 3 examines the
efficacy of existing MM&T through a review of the limited literature on clinical effectiveness

of speech teaching technologies. Section 4 sununarizes the synthesis and provides suggestions

and guidelines for development of future MM&T.

1. Limitations, sources and background

1. Limitations of current search

There is a long history of instruction designed to teach deaf children to speak, with
the earliest report of speech teaching strategies dating back to the 17th century (Plann,
1993). To make the present research synthesis manageable, it is limited primarily to
MM&T reported in the last 25 years (between 1970 and the present). This time frame is
reasonable for two reasons. First, the majority of instructional media, material and
technology available today originated in this targeted period. For example, the single most
popular speech teaching curriculum in use today is that developed by Daniel Ling as
described in his book Speech and the Hearing-Impaired Child (1976). Secondly, current
technologies for improving the speech of deaf and hard-of-hearing children are almost
exclusively computer-based. The first reported computer-based strategy was initiated in the
early to mid 1970's with the exploratory work of Nickerson, Kalikow & Stevens (1976)and
others. Thus the majority of current thinking and development of speech teaching

technology will also be found in the Timited time period of the present review.
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2. Sources of current search

There was no single source of information that proved adequate for the present
synthesis. Accordingly, the synthesis is based on a variety of sources, including the
author’s 15 years of research and development experience in this area, computer-based
searches of existing data-bases, and manual searches of journals that have traditionally
published articles in this areas. The manual searches were conducted on a series of
journals that traditionally publish articles in the area of speech development of deaf and

hard-of-hearing children, sensory devices, and computer-based speech training. These

publications are listed in Appendix A. -

3. Background

The following section will describe the process of speech learning for hearing children,
and will examine ways in which that process may differ for i deat or hard-of-hearing child.
Also discussed are differences in speech teaching strategies that are found in different

educational settings.

I. Normal-hearing children and speech development.

From their earliest experiences with the auditory world, children begin to organize their
mental impressions of what they hear in wavs that ultimately contribute to future
development of both auditory and speech skills. While our understanding of the relation
between what is heard and what ix produced is incomplete, the following sertes of steps

are the likely sequence involved in acquiring speech <kills.

1. As the child hears speech, an auditory pattern is stored in memory. These
auditory patterns serve as both the directors of motor productions, and as the
reference of correctness (Schimidt, 1988) tor learning the motor patterns'.

2. The child attempts to produce speech that hefshe hears

3. Awareness of the speech patterns produced is not concurrent with production,
but rather occurs after the production. The ¢hild obuiins information about the
outcome of the production attempt through auditory feedback and then compares

the auditory pattern dassocrated with her mitations to the stored reference
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patterns. This comparison acts as an error detection mechanism whereby the
production accuracy is assessed.

4. Subsequent attempts are adapted to reduce the “error” in the production, and
comparisons again made.

5. Through repeated attempts to produce the pattern, the child establishes the
sensory-motor transforms required to produce that pattern.

6. The outcome is development of learned transformations between the auditory
patterns and the motor patterns (sensory-motor association) (Risberg, 1968).

Speech acquisition thus relies on, and is mediated by, hearing. Among the particular motor
tasks involved in speaking that the child must learn through audition are:

1. Placement of articulators

2. Control of the breathstream

3

Coordination of articulators

4. Coordination of articulatory, phonatory and respiratory elements of speaking
5. Production of adequate phonation (pitch and quality)
6. Accurate articulatory patterns of the larynx responsible for the production of

voice vs. voiceless contrast, together with appropriate coordination of the
patterns.
7. Breath support
While the development of these skills is not actively taught to hearing children, they
are substantially mastered by five years of age.
2. Speech development and the deaf child
Traditional approaches to facilitating development of speech in deaf children
typically attempt to mimic hearing children’s speech acquisition, albeit with a little help
through amplification and instruction.  Where a child has the ability to extract usable
information from what is heard, this approach can be beneficial. These deaf or hard-of
hearing children, through amplified audition, receive early auditory input of spoken
language in the environment, and speech feedback from their own productions.
Amplification can provide some children with the pritnary sensory supplenent
needed to tacilitate “natural” development of speech. For many (or perhaps most) deaf
children, reliance on residual hearing alone will not result in development of adequate

speech skills. With minimal or no access 1o the audnory signal, the deaf child is
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confronted with a motor learing task without benefit of either clear targets or adequate
feedback. Despite repeated exposure to speech, these deaf children do not develop
speech on their own, and intensive teaching and instruction is typicaily indicated.

For these children with limited auditory capabilities, speech development is further
confounded because the child will not have access to the environmental language. The
interaction between speech and language development (or lack thereof) will thus result
in further deficits in development of speech skills that can be used communicatively.

3. Teaching speech to deaf children.

As a result of these difficulties, speech is not typically acquired by this group of
deaf children without some additional effort. For some, alternate approaches to
developing speech skills are considered.  This has involved providing the child either
with alternative auditory input in the form of z; cochlear implant (Osberger, 1993), or a
supplemental or alternative input in the form of vibrotactile input (Vergara, Miskiel,
Oller, Eilers & Balkany, 1993). For these children the goal is to facilitate natural
speech production and sensory developiment via a prosthetic device, one that is wom
all the time. The use of these approaches are discussed elsewhere in this synthexsis.

Development of speech for the vast majority of deaf children in programs in the
United States, Sweden, and elsewhere,  requires speech instruction; these children are
typically not expected to develop speech on their own (or with minimal specific
intervention directed toward speech improvement), but rather they are provided specific
(and for some intensive) speech teaching. Increasinaly, sensory aids, both visual and
tactual, are being used in wpeech therapy to either supplement amplified audition, or in
some cases, to replace it.  The speech-learning process for a deat child who does not
benefit greatly from amplification. and who must learn speech skills through visually or
tactually mediated approaches,  differs significantly from the speech-learning process
observed in a hearing child or « deaf child whose speech development can be facilitated
through the prosthetic use of amplification, or other auditory aids (Risberg, 1968).

4. Educational settings and the role of speech reaching in the educational curricutum

The amount and nature of speech instrucnon 1eceived by a deaf child will depend to
a great extent on the type ot educitional settme mowineh o deat or hard-of hearing child
is placed. Mentioned in the inboduction o these symtheses are a variety of settings,  all

of which ditfer from one another reaimdme the 1ole ot and value placed on, speech,
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While often not stated explicitly, these programs differ in their view of the importance,
attainability, and eventual function of speech skills acquired by deaf children. In an
oral program, speech is intended to be the primary means of face-to-face
communication, and so the goal is to facilitate a broad-range of speech production
skills. To achieve this level of speech proficiency, considerable time and effort must be
directed toward speech teaching®. Most often, the instructional model employed in oral
programs is analytical, involving stepwise “building” of speech skills. Such
intervention typically involves use of amplification, and auditory training, lipreading
training, and specific instruction aimed at developing speech trom the bottom up.

In total communication (TC) programs, the amount of time and effort directed
toward speech is generally less than in oral programs.  Such reduced emphasis is
somewhat understandable since it is assumed that speech and some form of manual
communication will complement each other and the result wiil be “maximum”
communication. More recently, Bilingual/Bicultural educational programs have been
reported whose focus is development of English Language skills through reading and
writing, In these programs speech development is considered a skill separate from
language development, and not necessarily appropriate for every deaf or hard-of-
hearing child.

In TC and Bilingual prograis, the goals of speech instruction are likely to vary
from program to program. Speech teaching in some TC programs is often aimed at
development of speech that can be used for face to tace communication, in much the
way that hearing people communicate.  Other programs aim at facilitating development
of “functional” speech. Definitions of functional speech are somewhat elusive, but the
term is most often used to describe speech that can meet basic needs for communicating
with the hearing world where sign kinguage cannot be relied upon. Teaching strategies
directed at developing functionul speech often focus on expression of language concepts
as a primary goal. Thus speech drill is very imuch based on vocabulary and phrases
deemed imporntant for the individual to communicate in the real world.  Considerably
less effort is typically directed toward the more analytical or bottom-up teaching that is
used to develop more broad tange specch skills

To summarize. the development ot speech <kills while mediated by the ability to

hear in normal hearing children, s most otten taght o deat” children The aims and
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attributes of speech instruction often varies for different educational settings, or for

different children in a single setting.*

2. Evaluation of MM&T in the framework of speech teaching
1. Introduction
Teaching speech skills to deaf and hard-of-hearing children typically requires
consideration of at least three major factors. Among the significant factors to be considered
here are: the tasks and target skill to be taught; the cues presented to the child to elicit the
production; and the feedback provided to the child about his/her production attempt. The
following discussion will first describe each of these clinical factors and then examine ways
that existing MM&T facilitates and expands current speech teaching practice.
"7 2. Skill Areas and Tasks
1. Clinical practice

To establish the precise speech areas to be taught to a young deaf child, the teacher
typically evaluates the child to determine skills that are present or lacking. Diagnostic
information is collected to determine whether or not seginental, and suprasegmental
production patterns are present that might be expected given the child’s previously
acquired speech capabilities, age, auditory skills, and other factors impacting on speech
development. In the U.S. and Canada, many clinicians rely on the teaching sequence
described by Ling (1976) to determine the production skills that should be taught, and
in what order. While the sequence described by Ling is arguably based on the patterns
observed in normal-hearing children’s speech development, this framework does
provide both a useful model for selecting speech skills to be taught, and useful tools
for evaluating deaf children’s speech.

Once skill areas are selected, speech teaching is initiated. While the specific
structure of teaching speech to deaf children may vary somewhat from clinician to
clinician, there are generally four identifiable steps involved: elicit, automate,
generalize, and facilitate linguistic use (Ling, 1970, Risberg, 1968).

An initial step for all speech skill teaching involves eliciting production of a target.
For example, teaching production of the nasal consonant /im/ involves demonstrating to
the child the target sound (through audition, taction or vision) and then having the
child attempt the utterance until it is produced acceptably. This can often be a time
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intensive task for the child, and requires that the teacher have a good understanding of
the respiratory, phonatory and articulatory bases of the speech unit being taught.

Following an acceptable production, the pattern is drilled and practiced so that it is
achieved without the speaker having to attend to details of the production. This is
referred to as automaticity (Ling, 1976; Schmidt, 1988) and is considered necessary for
speech to be produced smoothly and effortlessly.

Once the target can be produced easily and automatically, then the child is taught
to generalize the production pattern to difterent contexts and syllable locations. Such
generalization training is an important component of teaching the child to use a
developing skill for communication.

Finally, the child is taught to produce the target pattern in meaningful words, or
phrases. Facilitating linguistic use involves the transter of skills from imitated and
practiced utterances to communicative speech.  Activities directed at promoting
linguistic use typically start with easier tasks (such as monosyllabic words in limited
contexts) and become less structured and rehearsed as the child demonstrates mastery.
The desired end-point of this teaching step is the spontaneous use of the skill in
conversational speech. |

Each of these four major steps can be further subdivided into smaller steps or
subskills that are achievable for the child. For example, generalization ot the nasal
consonant fm/ production might initially involve production in isolation, followed by
production of the consonant after the neutral vowel 8/, Subsequent attempts might
vary vowel and syllable context. Similarly, promoting linguistic use might initially
involve production of the target segment in words, followed by practice in phrases,
sentences and finally conversational speech. There are thus numerous “small” steps
involved as sub-components of these four mijor steps.

2. Description and critique of Media and Materials and Technology

Texts. Few texts have been published in the past 25 vears on teaching speech to deaf

children. While discussions of speech teaching i the early 70's included reference to
Auditory-global, Acoupedic, and other methods of speech instruction (Calvent and
Silverman, 1975), the smgle approach to speech eaching that is most often described today
ix that developed by Lang (19701 The Ling procedue (desenbed in Speech and the
Heating-Tmpaited Clulds Theory and Practice) contues to be the standard tor teaching
|
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speech to deaf children. Ling has also published a series of texts (through the A.G. Bell
Association for the Deaf) that provide supportive materials, charts, and forms to accompany
the text.

The Ling book offers a comprehensive and detailed description of the author’s
perspective on teaching speech to deaf and hard-of-hearing children. Presented is a
rationale in support of the theory presented, including a literature review that was quite
comprehensive at the time the text was developed.

The Ling approach is analytical or bottom-up. Provided is a detailed description of the
sequence in which speech skills should be taught. Skills range from basic control of
voicing pitch and loudness and duration, and progress through production of vowels,
consonants and consonant blends.  For each skill area, the child is taught to produce
speech initially by imitating non-mmeaningful syllables. Once the child demonstrates facility
with production of a pattern at the non-meaningful level. then the child is taught to use
that pattern in meaningful words and phrases.

The text has provided clinicians with a well documented and detailed clinical approach
to teaching speech to deaf children. There are, however, certain assumptions about the
appropriate sequence of teaching speech that have been questioned by clinicians.

Focusing initial attention on often difficult to achieve voice parameters, requiring mastery
of five vowels before beginning work on consonants, requiring extensive ability to produce
imitative patterns before introducing semantically connected speech are among the
assumptions most often questioned by clinicians.  Ax a rexult, clinicians often modify these
“steps” in implementing Ling’s procedures, resulting in what is commonly referred to as a
“modified Ling approach”.

There is clearly a lack of research examining the efficacy of Ling's speech teaching
séquence. The teaching method has only been minimally evaluated 1o establish its vahidity
as a training model. Osberger, Johnstone, Swars & Levitt (1978) examined the rate of
speech skill learning by 20 children in an oral educational program when the Ling program
was introduced to teach certain carly speech skills. Their tindings suggested that even for
the children in this oral program, there were differcuces in fearning vates that led the
investigators to conclude that “..nearly one third of the childien failed to make satisfactonry

progress”. While the degree of hearing loss of these children was a likely factor
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contributing to the minimal progress of these children, hearing levels could not fully
explain all of the reduced progress of these children.

An additional limitation of the procedure is the implicit assumption that it will be
implemented in an oral educational environment.  Historically, the book appeared while
total communication was in its infancy. It was reasonable that the assumed setting would
be an oral program, in which considerable time and effort would be directed toward
teaching speech. Now, nearly 20 years later, the educational options available to deaf
children are quite different than they were when the procedures developed by Ling were
first introduced. While most teachers in TC settings purport to use a “variation” of the
Ling procedure, there is a dearth of direction available to the clinician about how to
promote speech skills when the goals and available time for teaching speech are more
restricted than would be the case in an oral program. Suggestions for adaptation of this
approach to different environments are clearly needed.

It is also likely that the Ling procedure is not appropriate or desirable for all children in
all environments. While strategiex for achieving functional speech through top-down
teaching strategies have been used in a number of educational settings, these procedures
have not been well described. There is a significant need tor documentation (and
evaluation) of these approaches, together with development of media and materials for

teaching speech to deaf and hard-of-hearing children employing these top-down strategies.

Video and other materials. A critical element of the Ling procedures is the evaluation of
speech abilities at both the phonetic and phonological level. Toward that goal, a series of
video tapes have been developed in which Ling demonstrates assessment procedures, and
offers commentary about the rationale for various judgments and strategies for improving
speech patterns.

While somewhat dated in appearance, these tapes provide useful insight into the
implementation (.)i' the Ling evaluation and therapy procedures. Printed mi »rial in support
of these videos would, however, be helpful.

The A.G.Bell Association for the Deaf also markets torms, workbooks, and other
materials to assist the teacher in both evaluation of the child’s speech skills, and recording
progress made by the child in various skill areas. The matenials are closely tied o the Ling

Model, and provide @ systematic means of keeping records and plotting progress
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Description of Existing Speech-Teaching Technology. Many computer-based devices

have been designed to facilitate production of suprasegmental patterns. Existing devices
also permit some work on consonant and vowel articulation, usually in limited contexts (for
example, the IBM SpeechViewer™). Still other devices are designed to facilitate drill and
practice of whole words. There are no devices currently available that permit extensive
work on both suprasegmentals and segmentals.

Not all devices are equally suited to facilitating productions at the four steps described
above. For example, the Indiana Speech Training and Evaluation Aid (ISTRA) (Watson,
Reed, Kewley-Port & Maki, 1989) is designed to promote drill and practice of syllables and
words by providing feedback based on a speaker dependent speech recognizer's comparison
of a child’s speech attempt to a stored template. The template is based on acceptable
production attempts that have been facilitated by the teacher. The system is thus designed
to promote automaticity, generalization, and early stages of promoting linguistic use.
ISTRA contains only limited functions directed at eliciting productions, and the system
was not designed to provide feedback during connected speech®. Conversely, the
electropalatograph (EPG) provides direct feedback of contact between the tongue and
palate. While useful for eliciting initial productions and automaticity, it appears less
optimal for promoting generalization or linguistic use. Other devices, such as the IBM
SpeechViewer 1™, focus on suprasegmentals; while offering some activities that permit
basic work on vowels (and to a lesser extent consonants).

3. Cues or Targets

I. Clinical Practice

The cue or target comprises the information that is provided to the child to signal
the production goal to be achieved. The strength and specificity of cues provided to the
child interact with the task (Mower, 1977). Cues will be very specific during earlier
tasks associated with a particular skill area. As the learer obtains greater proficiency
with the task, cue strength is reduced.  The task level will subsequently be made more
demanding, and cues will again be made stronger. Cues and tasks are thus related,
and are adapted by clinicians to match the performance level of the learner.

2 Description and critique of Technology

For speech training devices, the cues provided are typically in the form of models

or templates. with or without eaplanations provided by the teacher. Currently available
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devices permit only limited adaptation of cues to the performance level of the child.
However, an experimental system developed at John's Hopkins University (Ferguson,
Bemnstein & Goldstein, 1988; Mahshie, Vari-Alquist, Waddy-Smith & Bernstein, 1988)
explored graded cuing for teaching loudness control. During earlier training steps, the
intended intensity target was cued by a vertically oriented bar. The bar was divided
into blocks of three different colors, each representing a different intended intensity
level. Blue, at the bottom, signalled low-intensity speech, green, in the middle,
corresponded to conversational levels; red, at the top, corresponded to loud speech.
During later tasks, a clown holding different colored balloons was used to signal
different intensity targets to be produced. The spatial orientation was eliminated, so that
only colors were used to signal a desired intensity level. When the balloon having a
particular color started flashing, the student was required to produce a vocalization
whose intensity corresponded to the target color. While the Hopkins system
demonstrated tlie feasibility of graded cuing in a computer based training device, no
currently available commercial device provides the user with the ability to alter the level
of cuing provided.

Feedback

Clinicians must also consider a third factor, feedback, during teaching of a
particular speech pattern. Like the cues provided to the child, the feedback will vary
depending on the demonstrated level of skill acquisition.  Ultimately, the goal of all
intervention will be for the child to self-monitor hisfher productions, so that he/she is
able to detect better and poorer productions without external mediation. However, such
internal feedback develops only after considerable drint and practice of a purticular skill.
Consequently, the child will depend on external feedback 1o develop this more useful
internal feedback.

There are a number of tactors the teacher considers either eaplicaly or implicitly)
in providing feedback to the speech learner. Each of these factors are brietly described
below, along with a brief examination of how the factor is implemented in existing
speech teaching technologies. The torim of the synthesis structute implemented below
differs somewhat from that of previous sections. The discussion of the cutrent chnical

practice and the state of technology te. cach feedback tactor are presented rogether
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The description of current clinical practice is give in regular type, while the description
and critical review of existing technology is presented in bold italic type.
1. Sources of feedback information.

In traditional speech teaching, the teacher will listen to the child’s attempt and
provide feedback about the accuracy of the production. This feedback is most often
verbal (or signed) and is based on what is heard. As suggested earlier, however,
teachers have long relied on tactile or visual information as an additional source of
feedback. For example, children are often taught a nasalforal sound contrast by
touching the nose and feeling the presence or absence of vibration.

Feedback provided by sensory aids can be obtained from a number of different
transducers, including microphones (for example, Watson & Kewley-Port, 1990)
aerodynamic measuring devices such as the pneumotachograph (Mahshie & Yadav,
1990), accelerometers (Stevens, Kalikow, & Willemain, 1975), and specialized
devices such as the electropalatograph (EPG) that monitor the extent and pattern of
contact between the tongue and palate (Fletcher & Hasegawa, 1983). While the
majority of computer-based systems use « single transducer (for example, IBM
Speech Viewer ™, there are some devices that employ multiple transducers. For
example, a system developed by Matshushita in Japan, uses a microphone,
accelerometer, an airflow measuring sensor, and an electropalatograph. Another
device, the Nasometer™ employs a special arrangement of microphones that permits
separate monitoring of acoustic energy from the oral and nasal tracts. Comparison of

these signals provides an objective measure of the degree of oral and nasal coupling

during speech.

2. Feedback timing.

The clinician typically manipulates both the timing and nature of external feedback
to match the level of performance demonstrated by the child. The timing of feedback
can be concurrent with, or immediately following the production attempt (immediate
feedback), or it can be given somewhat after the production attempt (delayed
feedback). Feedback can also be given after cach attempt (separated feedback), or after
a group of attempts (accumulated feedbiack) (Schmidt, 1988). Operant-conditioning
literature - (for example, Mowrer, 1977) suggests that during ealier stages of teaching a

new skill continuous feedback i< normally provided  Maximum leaming will
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subsequently occur when feedback is provided on an irregular basis. As the child
begins to acquire a skill, the schedule of reinforcement should be varied sc that
learners have an opportunity to internalize the means of evaluating their production
patterns. It has been suggested that this process can be enhanced when external
feedback is given less frequently and on an irregular schedule.

Few currently available devices permit manipulation of feedback timing.* An
exception is the experimental system developed at Johrs Hopkins (Ferguson, et al.,
1988; Mahshie, et al., 1988), which systzmatically altered the timing of feedback for
a series of lessons designed to teach deaf children to control vocal intensity. During
early activities feedback was immediate - occurring during the production attempt.
For later activities, feedback was delayed, occurring after the production attempt
was completed. Cnly one commercially available system, the Indiana Speech

Training Aid (iSTRA), is reported to provide the teacher with the ability to vary

feedback schedule depending on the student's performance level (Kewley-Port &

Watson, 1991).
3. Knowledge of results vs. knowledge of pertormance.

The nature of feedback can also vary. In some cases, it is desirable to provide the
learner with information about the outcome of the attempt. Feedback provided to the

learner about how closely hisfher production product (speech) matched the training

target is termed knowledge of results (Schicidt, 1988). This type of teedback can convey

information about the magnitude of accuracy (right vs. wrong, 80% correct, etc.) and
about the direction of the attempt (undershoot. over-occluded, etc.)

In contrast to knowledge of results, knowledge of performance is feedback about
the actual movement patterns that were used by the individual. Providing the child with
knowledge of performance involves conveying information about how closely hisfher
actual articulatory pattern matched the desived goal, or imformation about the time
course of a particular articulatory pattern. Devices such as the EPG (Fletcher &
Hasegawa, 1983) or systems relying on the airflow transducers (Mahshie & Yadav,
1990) provide knowledae of performance.

The majority of currently availahle devices present knowledge of results as the
primary form of feedback. IFor example, the Video Vowce™, an acoustically based

training device, presents patterns corresponding to a Formant 2 vs. Formant 1 (I1F2-
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K1) plot of the target word. The template and an attempt are shown on the same
screen, with the extent of "overlap " (and a numerical score corresponding to the
degree of overlap) providing the learner with knowledge of results of the production
attempt.

There is little empirical data available about the relative importance ¢,” these two
forms of feedback for speech learning. For the acquisition of other motor behaviors,
knowledge of performance is extremely useful feedback when a skill is being elicited
(Schmidt, 1988). It's been suggested that speech learning can be enhanced by
presenting physiologic feedback that provides an explicit view of how the speech
mechanisms move for production of a target segment (Bernstein, 1988; Mahshie, et
al,, 1984). This type of feedback would seem particularly useful for early stages of
skill development, such as during the clicitation stage. During later stages, providing
knowledge of results feedback would appear most beneficial, since such feedback
would iikely lead to less dependence on the visual display, and together with varied
feedback schedules, would facilitate internalization of the task.

The majority of existing systems offer little flexibility in the type of feedback that
can be provided. Generally, devices that provide feedback from physiological sersors
(such as the EPG) provide knowledge of performance, while the majority of
acoustically-based devices provide knowledge of results.

1t is possible to obtain knowledge of performance (that is articulatory information)
Sfrom the acoustic signal. For cxample, « number of computer-based devices offer
programs thai display speech spectrograms, spectral displays, or 2 vs. IFl jormant
displays ( such «s the SpeechViewer {I™ and the Video Voice™) . However,
obtaining knowledge of performance form such displays is nat always a simple task
(Bernstein, 1988) and often requires that the teacher be able to provide an
articulatory interpretation to the displayed acoustic pattern.

1. Standards.

Whether knowledge of tesubts or performance s provided 1o the feamer. feedbuack
requires & comparison of tie production attenipt o woeterence In taditional therapy
the standard against which the production atempt is compaed tesides in the weacher
who listens to and evaluates the student's utteiance. Watson and Kewley-Port (1989)

suggest that the reference for a sensory aid (partdicularly « computer-based device)

ll)(.
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can be productions by a teacher, a reference group, or the learner. In addition, the
comparison can be accomplished automatically (by the system) or by judgements of

the visual display made by the teacher or student.

The reference, Finding an appropriate reference is not always a straight-forward

task. When the standard for comparison is produced by the learner, then it is
necessary that an acceptable production obtained and stored so that it can be
compared to subsequent production attempts. While this is reasonable for some task
levels (such as automaticity) it is less likely when elicitation is the goal. Although
possible to manually develop a model by "correcting” a pattern associated with an
approximation produced by a student, few systems currently available permit such
editing of targets. The one exception to this is a commercially available EPG ( the
Palatometer™) that enables the instructor to modify a target screen to include or
eliminate specific target points. This "synthesized " target can then be used as the
comparison for subsequent attempts.

Sometimes the standard used is a teacher’s production (for example, the Video
Voice™), or is derived from productions of the target utterance by a number of
speakers (for example, SpeechViewer 1I™). Use of productions by other speakers
can be problematic, however, since there is considerable variability in articulatory
and acoustic patterns between speakers. Moreover, motor equivalence and
coarticulatory effects introduce considerable articulatory variability, making invariant
“templates ” somewhat inaccurate for any particular production.

Nonetheless, the use of templates derived from speakers other than the leamer as
a standard and model appears to be beneficial for teaching skills to deaf individuals.
It's likely that the use of generalized models and comparison of productions to these
modcis enable the learner to develop a pattern of his/her own that is similar, but not
identical, to that used to produce the model. This view is supported by I'letcher,
Dagenis, & Critz-Crosby's (1991) who examined gains associated with speech
teaching using the EPG. Recall that the EPG utilizes sensors that monitor the
amount of contact betweer: the tongue and various portions of the palate. Fletcher, et
al. (1991) found that the largest gains were found in children using the EPG for

speceh learning when thew productions were grossly different than nermal. When
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their productions were close approximations prior to therapy, gains were often
minimal. This suggests that the feedback based on generalized standards may not be
adequate for refinement required to improve close approximations to the correct
production. .

Comparisons. In many cases, computerized devices are involved primarily with
displaying a target and an attempt, and the teacher or user must evaluate the
similarity or differences between them (for example, the Palatometer™ and
Visipitch™).  The teacher thus plays an important role by botl evaluating the
closeness of the attempt to the standard, and by providing an explanation of what
should be done to more closely approximate the target.

A few devices are able to compare the speaker's attempt to a standard and provide
a proximity metric. These devices typically give the learner a proximity score (or
graphic display based on this score) reflecting the extent of match between the
attempt and target. Examples of devices capable of such comparisons are the ISTRA
system (Watson, et al, 1989), the Speechviewer 1™, and the Video Voice™.

Most devices capable of providing proximity scores based on automatic
comparisons of attempts and targets provide the learner with knowledge of results.
To date, no devices have been reported that provide knowledge of performance by
automasically evaluating attempts and comparing those attempts to a standard. This
is somewhat understandable since the task of discerning the elements of signals that
are important for production, and those that are not, may be a difficult one. For
example, i using the EPG, it may not be clear from subject to subject which
electrodes must be contacted for articulation of a particular sequence and which
electrodes are not essential for accurate production (Fletcher, Dagenis & Critz-
Crosby, 1991).

4. Tactile feedback.

Much of the discussion thus fur has focused on devices that provide visual displays
of models, speech attempts and feedback. Alternativeby, tactile devices have been used
to facilitate speech development. Systemuatic exploniton of tactile sensation for speech
reception beean with the pioneerine wark of Gaonl (1928 Since that tine virious

approaches have been explored for nansformme and encoding speech tor tactile
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presentation. Devices have been developed and studied that use single channel (Camney,
1988) or multichannel (Friel-Patti & Roeser, 1983) stimulation, vibrotactile (Geers,
1986) or electrotactile (Lynch, Eilers, Oller & LaVoie, 1988) stimulation, and that
present the skin with information about the speech spectra (Lynch, et al., 1988) or
about selected speech parameters such as fundamental frequency (Boothroyd, 1983;
Mahshie, Vari-Alquist, Hilley & Brandt, 1993). Miniaturized electronics have led to
development of portable devices that can be worn outside of laboratory settings. As a
consequence, all tactile aids are not the same (see Sherrick, 1984 for 4 review).
In most cases, tactile devices used to teach production were designed primarily as
aids to assist in speech reception. Some of these devices have been aimed at providing
the child with information about a single speech parameter, such as fundamental
frequency (Youdelman, MacEachron, & Behrman, 1988; McGarr, Head, Friedman,
Behrman, & Youdelman, 1986). Other tactile devices provide information about the
entire speech signal, and are thus potentially useful for facilitating production of
specific articulation patterns (for example, Friel-Patti & Roeser, 1983).
5. Summary of pedagogical issues

There are three elements the speech teacher considers when teaching speech skills to
deaf children: the task, the cues used to elicit production, and the feedback to be
provided. The task selected results from an interaction among the particular skill being
taught (determined by current speech abilities, existence of antecedent or prerequisite
skills, developmental readiness, etc.), the general step at which the child is performing,
(elicit, automate, generalize, and promote linguistic usage), and the level of success
achieved by the child at a skill area and step he/she moves from initial attempts to mastery.
Production cues are the instruction or demonstration provided to the learer in order to
evoke a pattern. Cues can range from being extrenely detailed descriptions of what the
speaker is to do, to very abstract signals. Feedback refers to the information provided to
the child concerning his/her production attempts. Feedback can vary both in timing
(immediate vs. delayed, concurrent v terminal, accumulated v separated), and nature
(knowledge of performance vs. knowledge ot results). Furthermore,  feedback can be
presented either visually or tactually. While task, cues and feedback are designated for

every aspect of speech teachimg, they are intenclated and dependent upon cach other.
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The majority of existing sensory aids used for speech teaching appear to be most

useful for teaching automaticity and generalization of productions. Additionally, many
of the most popular computer-based speech teaching systems offer activities directed at
vocal gymnastics -- altering pitch, loudness or duration of voicing. Consonant and vowel
production activities typically provide feedback abuut the proximity of the attempted
production to a ta;get (knowledge of results). A few devices, relying primarily on
physiological feedback obtained from aerodynamic or physiologic transducers, are also
able to provide feedback about consonants and vowels in the form of knowledge of
performance.

Because computer-based devices can potentially be used independently and often

motivate children to work on speech activities, they are in many ways optimal for

-automaticity training, which requires significant amounts of drill and practice. While

there are some devices that can aid in eliciting productions, they are not as commonly
used, and often require use of sensors able to detect physiological, rather than acoustic
signals. No devices are currently available that are optimal for facilitating linguistic
usage. While experimental systems have been developed that permit clinicians to control
cue and feedback parameters during instruction, only limited manipulation of these

parameters is possible with popular technologics that are currently available in the

marketplace.

The Ultimate question: Do technologies work?
1. Framework for viewing efficacy literature

The previous section examined the extent that existing MM&T support and expand
current speech teaching practice.  Perhaps the most significant questions impacting on the
value of existing technologies and the needs for future technologies are those relating to the
effectiveness and usefulness of existing devices in improving speech skills. While
numerous devices have been developed to assist deaf children learning to speak, there is a
significant lack of research examining the effectiveness and usefulness of these devices (for
example, Bernstein, Goldstein & Mahshie, 1988: Bernstein, 1989 Watson & Kewley-Port,
1989). Nonetheless, there is a body of Titerature emerging that examines the effectiveness
of vartous specch teaching technologies. Thut hiterature torms the basis tfor the current

synthes,
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Assessment of systems and devices typically involves two, somewhat distinct types of
evaluations, formative and summative (Dick & Carey, 1990). Formative evaluations are
designed to establish both how well the system does what it purports to do, and how easily
the end-user(s) are able to use the features built into the system. Summative evaluations,
on the other hand, examine how effective the system is in promoting accurate speech
production. Each of these types of evaluation will be discussed below.

1. Formative evaluation: reliability

Formative Evaluation. Formative evaluations of speech training aids are typically

designed to address two questions: i. How accurately does the device do what it's
supposed to do?, and ii. How acceptable and desirable is the device to clinicians and

children?

Accuracy. As suggested above, computer-based devices for speech teaching not only
provide models and cues, but must also accurately and reliably present feedback. This
latter aspect is particularly important in systems that provide criterion based teedback of
results, since the feedback must be consistent from trial to trial and also correspond
closely with clinician’s perceptions.

Evaluation of the accuracy of speech training devices, and calibration of such
device decisions against clinician perceptions, has been limited. The ISTRA system
uses speaker dependent speech recognition technology to permit practice and drill of
syllables and sentences ( Watson, Reed. Kewley-Port, & Maki. 1989). Several
evaluations were conducted to determine how well the speech recoghition system would
substitute for human judgements on the goodness of articulation of whole words. Five
clinicians rated the overall accuracy of a series of words produced by two normal-
hearing speakers who intentionally varied the inteligibility of their utterances. The
judges rated the overall articulatory goodness of the utterances using @ six point scale.
The three productions of cach utterance that were perceived by the listeners as most
intelligible were subsequently used (o genere a temphae for the computer-based
recognizer. The computer-based recognizo, was then used (o evaluate the proximity of
cach utterance to the template. Conclatonal analyses of these data indicated that the

eaperienced human listeners judements were i somewhat areater agreement about the
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intelligibility of these utterances than were the computer-based judgments, but the
computer judgements were in general agreement with the human jurors.

A basic requirement of a speech teaching device is that it provide reliable feedback;
the feedback must be consistent for similar attempts at a production. To establish their
system’s reliability, Watson, et al. (1989) had judges listen to and score twice a series
of recorded utterances produced by a deaf speaker. Additionally, the utterances were
twice scored by the computer-based system. Results showed that the device was
considerably more consistent than were clinicians in rating the same utterances twice.
This is understandable since the computer-based system would not be susceptible to
varying criteria, speaker familiarity, or other factors that might affect the human
judge’s reliability.

These findings suggest that this computer-based system provided a reasonable
substitute for human judgements of acceptability, and somewhat more reliable
judgments than those obtained from human judges. This latter point is important for
demonstrating the potential utility of & device 1o be used for independent drill, since
inconsistent, unreliable responses are clearly undesirable in a device designed to
provide feedback during independent practice of speech skills.

2. Formative evaluation: human factors

Clinical acceptability. Often device development results from an engineering solution
| £ £

looking for a problem rather than from the needs of clinicians and students. For this
reason, it is extremely important that end-user input be a part of the development, and
that reaction of end users be evaluated. Devices that are complex to operate and
calibrate, that fail to address skills that are clinically important, or that fail to grade

tasks and cues adequately, are not likely 10 be used.

Mahshie, et al. (1988) examined a number of human factors issues for the Hopkins
speech training device by having two clinicians keep records during an extended period
of trial clinical use. The device was part of a larger project 1o develop two related
computer-based systems, one for use in a clinical setting and the other for drill and
practice at home. This approach to evaluating human factors revealed @ number of
features of the system refating to case of use, reliability. childrew's reactions to the

device, and pereeived clinical benetit.
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An alternate approach was used to evaluate the acceptability of a system developed
at Gallaudet University that provided the learner with feedback derived from
aerodynamic sensors (Mahshie, Wilson-Favors, Schneider & Brandt, 1991). The system
(the Gallaudet University Speech Training and Evaluation System or GUSTES) was
placed at a school for deaf children where teachers and children used the system during
therapy. Following a brief evaluation period, a focus group was convened and the
teachers were asked a series of questions aimed at evaluating such factors as user
friendliness, value of feedback provided, children's reactions to using the device, etc.
Many of the recommendations served as the basis for subsequent changes to the system.

Kewley-Port & Watson (1991) point out the importance of these types of formative
evaluations, but stress that they are not substitutes for substantive evaluation of clinical
effectiveness. Summative evaluations of clinical efficacy constitute a different type of

device evaluation.

3. Summative evaluation

Suminative evaluation. Summative evaluation studies are directed at the central question
of how effective the devices are for teaching speech to deat children. This, of course,
is the ultimate question that needs to be addressed for all systems. In general, efficacy
experiments examine the clinical value of speech teaching devices by either comparing
the progress made with the device to progress associated with alternate intervention
methods, or by examining changes that occur as a consequence of intervention (Watson
& Kewley-Port, 1989).

While questions of clinical efficacy are most important, few systems currently on
the market have undergone rigorous evaluation of clinical effectivencess. For example,
Watson & Kewley-Port (1989) reported that only 5% to 10% of the commercially
available or prototype computer-based speech teaching systems that have been reported
in the literature have been tested in controlled experiments.

Below is a briet description of speech teaching technologies whose clinical efficacy
has been reported. While other systems and devices existy the limited data available
concerning their clinical benefit makes it ditticult (it not mipossible) to ascertam the

clinical value. Descriptions of the efficacy ot physaiologically based. and acoustically
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based devices are given separately below, followed by a brief description of the

efficacy of tactile devices for speech teaching.
2. Efficacy of Acoustically-based Computer-based Speech Training devices

The vast majority of Computer-based speech training (CBST) devices rely on

o ey

feedback obtained from a microphone. One of the first computer-based speech
training systems (Nickerson, Kalikow & Stevens, 1976) employed a PDP-8E
laboratory computer system, and utilized a voice microphone, and accelerometers
on the throat and nose. The system provided 4 different types of visual displays to
teach production of various timing, pitch, voice quality and articulation skills .

To examine system efficacy, forty two orally educated deaf students between 8
and 18 years of age (mean = 11) used the system in conjunction with a series of
speech tutorials  (Boothroyd, Archambault, Adams, and Storm,  1975). Each child
received between 11 and 90 tutorial sessions.

The students using the device showed gains in isolated speech skills and in
rehearsed speech, with the most improvements observed in production of
suprasegmentals.  Boothroyd, et al. (1975) concluded that “... the system, as

evaluated, lent itself to work on suprasegmentals rather than articulatory features.

Moreover, (while) it was relatively eaxy for students to use the display for the

acquisition of vocal gynmastics skills and the improvement of rehearsed voice... less

than half of (the children) showed significant generalization 10 unrehearsed or

spontaneous speech”. (p 189). The investigators suggested, however, that the limited

carry-over observed was likely because the device was used for only a limited

number of sessions and there was little focus during the therapy sessions on

generalization to spontancous speech.

ne limited testing of devices ix a significant consideration ix evaluating the efficacy

of devices. Arends, et al. (1991) evaluated the ethcacy of a device (the Visual Speech
Apparatus or VSA) developed in Holland that provides visual feedback of various
speech parameters. They examined changes during an entire school year by comparing
gains in performance by an experimental group (receiving instruction using the VSA)
and a control group (receiving traditional therapy ).

Among other evidence of gams associated with use of the VSA | Arends et al.

(1991 observed significant maprovenients i skills assocated with extended use ot the

o e
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device.® Moreover, these differences between traditional and VSA based training were

not observed in performance evaluated at the middle of the academic year following a
more limited use of the VSA. While these results were promising, most of the gains
observed, like those reported by Boothroyd, et al. (1975) were in isolated and rehearsed
speech, particularly suprasegmentals.

The 13M SpeechViewer™? is perhaps one of the most popular conumercial devices
currently available®. This device, relying on a microphone signal, offers games and
activities for facilitating awareness, “skill-building” and patterning of selected speech
features, including intensity and fundamental frequency control, and vowel contrasting.
There are also a number of graphic displays that present acoustic parameters against
time.

Despite its’ popularity in schools and clinics,  there is only liited research
evaluating the clinical efficacy of the SpeechViewer™. One study, conducted by Oster
(1989), involved teaching two Swedish deaf children to alter consonant duration (Child
I) and plosive consonant voicing (Child 1) using the device. Gains were observed in
association with teaching these two skills using the SpeechViewer™. Oster suggested
that the primary benefit offered by this device derived from ity ability to provide the
learner with “objective, meaningtul, non-verbal” feedback.

More rccenfly Pratt, Heintzelman & Deming (1993) explored the etficacy of the
IBM SpeechViewer's™ Vowel Accuracy Module for the treatiment of vowel production.
They examined the extent of progress made by six deaf children who used the device
for a four month period to learn production of the vowels [if faf and/u/. They found
that the device did promote more accurate production, but noted that @ number of
difficulties were encountered, including inaccuracies in the feedback provided by
certain voice qualities and pitches, inability to sustain the children’s interest. and non-
linearity in the criterion adjustment control.”

As noted above, computer-hased devices are particularly appealing because they
can be used for unsupervised speech training. Boothroyd, et al. (1975) saw this
potential nearly 20 years ago. but expressed two concerns: 1. lack of adequate graded

drill and practice activities and 2. the wendency for children 1o develop bud speech
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habits that are related to skills for which the computer does not provide feedback.
These same concerns continue today with current technologies.

Only limited research has examined the use of speech training devices in the home.
The Johns Hopkins Speech Training Aid (Mahshie, et al, 1988) was comprised of two
systems one designed for use in the clinic (the Speech Training System or STS), and
the other designed for use in the home (the Speech Practice System or SPS). The STS
was comprised of both physiological and acoustical transducers while the SPS used only
acoustic signals (Ferguson, et al., 1988).

To evaluate the SPS, it was placed in the homes of five protfoundly deaf children
for a one to two week period. The children used the device for an average of 8 to 25
minutes each day, usually under the supervision of u parent or sibling. Parents kept
detailed logs of the amount of time their children uséd the device, as well as
observations about interest, ease of operation, and overall reaction to the system. The
parents reported that the device was used with interest by the children, and that the
activities and games seemed appropriate.  Clearly the most significant outcomes of this
preliminary evaluation was the increased practice the device permitted outside the
therapy room. In addition, having the device served ax a focal point for speech
activity.

An alternate approach to independent drill and practice was employed in the ISTRA
system (Kewley-Port, Watson, Maki & Reed, 1987). ISTRA uses a speaker-dependent
speech recognition board in which productions are compared to a stored template, and
a proximity metric is generated. The developers suggest using the students best
production as the standard used to evaluate accuracy. This approach is somewhat
different from others because analytical work involved in teaching particular articulatory
patterns is left to the clinician, while enabling the learner to drill and practice
independent of the teacher. Thus the turgets for speech teaching are syllables, words or
phrases that the child has produced adequately (at least a few times). The primary
virtue is that the system enables the tearner 1o develop automaticity by providing
directed and nonitored feedback that appears vahd and reliable.

Limited evatuation of the clinical value of the ISTRA has been reported,  in which
thiee children (2 deat, one normal-hearme) were studied during @ series of wutorial

sessions in which ISTRA was used to mediate speech diill. The authors concluded that
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“ there is evidence that the changes that occurred in production and generalization of

speech sounds can be directly attributed to the treatment provided and not extraneous
variables”. (p. 36)

3. Efficacy of physiologically-based CBST devices _

It was suggested above that earlier stages of speech teaching are aimed at providing the
learner with an awareness of how to control the articulatory gestures for production of a
particular speech pattern. It would thus seem that providing direct, physiologically relevant
feedback would be most optimal for earlier stages of teaching speech skills. Accordingly,
a number of devices and systems have been developed and evaluated that provide feedback
obtained from physiological sensors, and that provide models and cues about appropriate
patterns to be achieved.

The electropalatograph (EPG) has been used to teach certain aspects of articulation to
deaf individuals (Fletcher & Hasegawu, 1983; Fletcher et al., 1991). The EPG is &
computer-based physiological monitoring system that prm;ides visual information about
tongue and palate contact during speech. The results of the earliest training study (Fletcher,
Hasegawa, McCutcheon, and Gillion 1979) showed significant improvement in a deaf
adult’s production of /s [t k/ in conjunction with training using the EPG. Two noteworthy
aspects of the study were that the improvements were also observed in segments not
actually trained (a cross-over effect) and improvements were maintained for ten months
following teaching using the device. Fletcher, et al. (1991) further explored the benefit of
teaching lingual consonants (ft d k g sz [ /) to five profoundly deaf children (ages 10 to
16) using electropalatography. They examined both change toward contacting critical
electrodes (those considered essential tor production), and listener-perceived changes in the
CV syllables. The children were seen twice a week for four weeks, during ‘which they
drilled CV syllables containing the target consonants in /if and fa/ contexts. Statistically
significant improvements following training were observed in the perceived accuracy of
target segments for all children. Four subjects showed  significant perceived improvements
in the majority of seaments attempted,  while all of the children demonstrated some
improvement in contact of critical arcas of the palatal region for articulation of the target

segiments.
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Fletcher, et al. (1991) noted that the gains associated with EPG use were particularly
remarkable because the children had not been able to improve production of these segments
despite significant period of speech therapy during their lives. They concluded that
physiologically based visual displays can be of benefit.

It was earlier noted that Fletcher et al. (1991) found that the greatest gains were
observed in students whose productions were grossly different than normal. It would
appear that the primary benefit of the feedback provided by the EPG (and possibly other
physiologically-based feedback devices) is in facilitating awareness of articulation. Thus
these devices are probably most beneficial during earlier stages of speech learhing because

they provide the learner with a generalized pattern of what is to be achieved, and feedback

about how well they have attained that goal.

The bneumomchograph
(PTG) is a somewhat less Su bject 40
invasive device that provides ety Mean Peak Atflow
information about articulatory s )
gestures (Mahshie, Herbert & % o . . Fy
Hasegawa, 1984). The PTG é » a '
Y :
has been used in the laboratory z” '
to examine oral and nasal |
airflow patterns associated with ! cosne 13 New oo
production of various Ll?gef‘d .
segments. Such patterns can

Figure T, Mcan peak airflow changes assocuaed with training a
provide useful information young deatl adult to modify plosive consonant voicing using airflow
feedback. Hearing speakers prodace fpf wiy areater than 600 cefsec,

about the manner of production ;g My with less than 200 cofsec meim peak aflow

and voicing categories of

consonant segments. Since aerodynamic patterns result trom an ensemble of articulatory
effects, the absolute articulatory patterns tsed (such as the precise plicement of the
articulators) becomes less important than production of the overall gerodyvnamic pattern
required of a particular segment or sequence. It has also been suggested that the
aerodynamic properties of the vocal tact tepresent signifhicant speech coals (Ahbs, 1980)
Visual displays of acrodynamic targets and feedback would thus secm potentidby usetul ton
both practical, and theoretical 1easons,
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To examine the clinical value of the PTG, a visual display of the airflow signal was
used to teach accurate consonant voicing to two deaf adults (Mahshie, Herbert &
Hasegawa, 1984; Mahshie,

1987) As shown in Figure 1,

subject 40 showed more .
Subject 40
normal aerodynamic patterns in " Listener Perceiver Accuracy
conjunction with training using '
the PTG (Mahshie, Herbert & e
Hasegawa, 1984). In addition . - | .
& i '
(and more importantly), § _ i
a0 . ?

listeners perceived notable
improvements in consonant "
voicing accuracy in conjunction “

. ! 12 13 New Words
with training using the device peme
(Mahshie, 1987) (See figure 2) Figure 2. Listener perceived aceuracy associated with training

gure 2).

described in tigure 1.
While results were

encouraging, the system was not designed for use with young chiidren; nor was it practical

to replicate the system for use outside of the laboratory.

A second generation system was subsequently developed.  The system is called GUSTES
(Mahshie & Yadav, 1990) and provides feedbuck of aerodynamic and himited Kinematic
speech parameters obtained from oral airflow, nasal airtlow, oral air pressure,
electroglottograph and accelerometer signals. This PC-based system permits easy selection
and storage of templates, multiparameter display, and other features that made it more
optimal for use with children.

Efficacy of the device was examined through a series of multiple baseline, single
subject studies involving four profoundly deaf children (Mahshie, Wilson-Favors, Schneider
& Brandt, 1990). The children, age 11,8 10 12,5, were taught to produce one or two

consonant segments that were error productions prior to teaching. The device was used to

present targets, and to display the acrody naimic patterns associated with each trial.
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Results shiowed that the

children vsing the training

system made appreciable gains SU BJ ECT AN

Initial /my/ and Mediat /h/
Legend
_"* L LIYV l:\nl—w'

in production of the target

segments in the words that

TR -~
were trained, and that the skill [é—} —-—Lf’:\-’ = j
generalized to correct § VA _—_—_:‘ - _L_
production of these segments in 0% -,;‘:_-;_-,,—_-,_--_;:‘_-,--_-,;:,--_-;:L-,-;,-, T s -_:L;
words not trained. (see figure PRELIE  WRAmmam MO MM NTAMNoD oW

3). The rate of improvement

varied for diftferent children

Figure 3. Training resuits for a deal child (age 12) using the
and for different segments and ~ GUSTES system. Given is the peteentage correct (based on listaners’
judgments) for production of initial /my/ and maedial /hy. Data is
shown for haseline sessions, raining sessions, probes. and post-
encouraging findings of this t.iru.iuil:iug. scm"sinps. D.i!'!'.crcm stixm'd-i SUN .\\'cr'c. u:x'cd ‘fu.r ‘traifling
sessions than for buseline, probe and post-training. sessions.

contexts. One of the

work was that correct

production of the target segmemts was generalized 10 new words without specific
genesalization teaching for three of the rour children. The remtaining child required a brief
period of teaching about how to use the newly acquired articulutory skill before
generalization was observed.

Ten weeks following cessation of training with the device three of the children
dermnonstrated improved production accuracy for all sounds/segments trained. The
remaining child demonstrated improved performance for only one of the two segrments
trained.

These limited studies point o the potential usefulness of physiologicaliv baxed feedback
for teaching speech skills to deaf individuals. Both significant improvements and notable
carry-over have been observed. However, existing devices do not enable the 1eacher 1o
control many of the pedagogical features that were discussed above. Although feedback of
actual articulatory patterns is likely beneficial for effectively eliciting production patierns,
it may not be optimal for all stages of skill learning. Thus these learning patterns may
represent miimad, vatiwes than optimad gains assoctated wih sach teediuck.

4. Efficacy of Tactile displays for speech weachime
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The majority of studies examining the impact that tactile devices have on speech
learning have addressed the long term effects of tactile aid use on children’s speech
production (for example, Proctor and Goldstein, 1983). In most cases, wear-time is for
circumscribed periods of each day, most often during speech therapy, and the devices are
used as prostheses for speech recebtion. For example, Oller, Eilers, Vergara and LaVoie,
(1986) looked at speech reception and production of 13 hearing impaired children who
wore multichanne! tactile devices (the Teletactor or Oregon Vocorder) for approximately 70
hours distributed over abproximate]y 200 sessions in a four munth period. They found
gains in speech production and reception associated with the period of aid use, although
there were considerable differences among their subjects.

Proctor and Goldstein (1983) looked at a hearing impaired child's receptive vocabulary
acquisition associated with 10 months of training using a single channel vibrotactile aid.
While the total amount of wear-time was not reported, their findings revealed that the most
rapid increase in vocabulary development occurred after 3 to 4 months of aid use. More
recently Geers (1986) replicated this study with a second hearing impaired child and
obtained similar results.

Eriel-Patti and Roeser (1983) attempted to look at broader aspects of communication
associated with aid use. They studied 4 children who wore @ multichannel device (the
SRA-10 multichannel device) for approximately 10 - 11 hours per week over a 304
month period. They evaluated various general and structural characteristics of the children’s
signed and spoken communication. The researchers concluded that the children exhibited
improved communication skills during the period the aid was being used, while there was 4
decrease in these skills during the period the aids were not used.

Few studies have attempted to compare the use of sensory aids to other approaches for
teaching a particular speech skill. Inherent in such comparisons ix the need to attend to
instruction as a significant variable, and hence to address some ot the pedagogical issues
discussed earlier. One such comparison was initiated ai the Lexington Schoot for the Deaf
in which the relative merit of auditory, visual and tactile feedback of fundamental
frequency for teaching fundamental frequency control wis examined (McGarr, Youdelman
& Head, 1989; Youdelman, MacCeachron & MG, 1989 MceGann, Head, Friedman,
Behrman & Youdelman, 1983). A similar curnculum was used to teach fundamental

frequency control to four groups of childien: « control wroup recenmy vadiional thetapy,
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a group receiving auditory only feedback, a group receiving visual feedback from the

Visipitch™ and a group receiving tactile feedback from an 8-channel vibrotactile aid. Their
findings indicated that the children whose speech lessons included a sensory aid showed
significantly greater gains than did the children who received traditional therapy. In
addition, the visual display appeared more effective for teach appropriate average pitch,
while the tactile display was particularly helpful for teaching dynamic intonation pattemns.
These findings are supported by research by Mahshie, Vari-Alquist & Hilley (1993).

While tactile aids appear useful for teaching some speech skills, it's clear that there are
significant questions that remain concerning when they are the most optimal source of
feedback. Additional research is needed to examine both optimal sensory modalities for
different tasks, learner attributes that might suggest the merit of one modatity over another,

and the relative value of using combined sensory modalities for teaching various speech
skills.

General summary and conclusions re. state of the an of MM&T for teaching speech to deaf
children.
1. Summary of MM&T for teaching speech to deaf and hard-of-hearing children.

It's been suggested here that sensory information plays a key role in speech
acquisition by permitting development of models and enabling after-the-fact feedback to
mediate speech change. For many deaf children, reliance on limited audition as the
primary source of feedback may be madequate, and altemate sensory information may
need to be provided.

Certainly studies examining the overall efficacy of existing devices suggest that their
use does contribute to speech imiprovements. However, only limited comparative
studies of intervention using CBST devices and more traditional approaches to speech
improvement have been conducted. The question thus remains as to whether devices
are an improvement over more traditional approaches for speech improvement.

In additicn to providing the learner with information about his/her own speech, it is
also important to consider the way in which the sensory information is used in speech
teaching. Cunient devices permi teaching of a somewhat limited range of skills and
ofter clinicians less than optimal control of Hportant cue and feedback parameters.

There is thus wless than optimad mateh between the functionality of devices in
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development or in the market place, and sound speech teaching principles. These
deficiencies need to be addressed in subsequent devices.
While consideration of pedagogical factors is needed, devices as they currently

exist can clearly help speech teaching. As noted earlier, there is a trend in many

schools and programs in the U.S. toward reduced resources directed at speech

development. Reduced time available for speech development activities requires that
speech teaching be as efficient as possible. A particular promising aspect of CBST

devices is their potential use for independent drill and practice. As devices become

more reliable and easier to use, they can prove useful as extensions of speech teaching
classes.

While home use continues to be an important aim of these devices, consideration of
the inherent limits of computer-based feedback must be considered and safeguards taken
to limit development of inappropriate speech behaviors resulting from extensive drill
and practice of incorrect patierns not monitored by the device.

The efficacy of tactile sensory devices for teaching prosodic speech skills has been
studied, and the results suggest that such displays can be most beneficial for teaching
certain dynamic aspects of speech production (such as production of intonation
pattems). An additiona! benefit of tactile devices resides in their ability to be worn,
and thus to serve as a prosthesis or outside of therapy room aid to speech monitoring.
As additional wearable devices are developed, this aspect of their use needs to be
examined considered and examined.

2. Status, Suggestions and guidelines for future development and evaluation of MM&T.
This synthesis has described a number of factors inherent in teaching speech skills to
deaf children, and bas examined various MM&T that ‘hz\\'e been developed to facilitate

speech learning. Given helow are a series of statenients that characterize the current “state

of the an” of speech teaching for deaf and hard-of-hearing children. Following each status

gatement is a suggestion for addressing perceived needs.

Status statement 1: The existing specch teaching model used most extensively (Ling,
1976) has value but has not been well evaluated or updated o include current

understanding of speecht development.
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Suggestion: The existing curricular texts, media, and supportive materials need revision to
incorporate our current understanding of normal speech acquisition and speech learning by
deaf children.

Status statement 2: The current, documented approaches to speech teaching make certain
assumptions about the setting, amount of effort to be put forth for speech teaching, etc.
While there are other approaches (and modifications of the Ling approach) employed in
different settings, they are not well documented.

Suggestion: Alternative or modified approaches to speech teaching, particularly those that
are based on more synthetic, top-down, language-based teaching strategies, néed to be
described and curriculum based on such stratégies developed. |

Status statement 3: Existing devices are primarily developed to provide a visual (or tactile)
display of speech or a speech parameter (such as the degree of contact between the tongue
and roof of the mouth). Yet there are a number of instructional parameters that clinicians
normally manipulate in teaching speech (such as the nature of cues or timing of feedback)
that are either not available, or are limited, in current technologies. A major premise of
this synthesis has been that devices should permit clinicians to continue to adapt the
important parameters of speech teaching to the changing level of mastery of the student.
Device use should not result in suspension of concern about these normally important
issues.

Suggestion: Control of various pedagogical parameters need to be built into future devices
(see 4,5,6 and 7 for specific suggestions).

Status statement 4: Current technologiex focus primarily on earlier teaching goals
(suprasegmentals and vowel production) or on earlier levels of skill teaching, (elicitation,
automation, and some degree of generalization). Little exists that is aimed at facilitating
production of consonants, or promoting linguistic use. This is somewhat at odds with the
needs of speech instruction models in which the primary focus of speech work is language-
based.

Suggestion: Speech teaching devices are needed that focus on consonant pr(.)ducl.ion, and
facilitation of linguistic use.

Status statement S: While the degree of cue gradimg possible with a device Bkely hs
significant impact on the eventual carryover of Lills taaght, devices are extremely linuted

in the amount of cue arading possible.
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Suggestion: reater flexibility in presentation of cues is needed for existing and future
systems.

Status statement 6: While provision of feedback is the primary feature of many devices,
there are considerable limitations concerning ¢he timing and nature of feedback provided by

any one device.

Suggestion: Greater flexibility in controlling feedback parameters is needed for existing and

future systems.

Status statement 7: The use of tactile feedback has been demonstrated to be useful, but

it's not clear for which skills it is most beneficial.

Suggestion: Basic, formative evaluations of these devices are needed to establish speech
skill areas for which such feedback is best suited.

Status statement 8: The value of different kinds of feedback (knowledge of performance
or knowledge of results) has been shown to be significant tor other kinds of motor learning.
The role that the kind of feedback provided to the learner has on speech learning has not
been adequately evaluated.

Suggestion: Basic research on the value of different forms of feedback is needed, and the
findings of such research needs to be incorporated in devices.

Status statement 9: Despite the obvious importance of evaluative research, there are only
limited studies examining the most commonly used comiercially-available devices.  In
particular, studies of the clinical efficacy of these devices are needed.

Suggestion: Efficacy studies need to be conducted and reported on existing devices.
Status statement 10: No single device currently available appears to have optimal features
for speech teaching. However, existing efficacy studies are typically device based rather
than student based. That is, the efficacy of an optimal program of instruction using
combinations of existing technologies hax not yot been evaluated.

Suggestion: Efficacy studies that are child-cetuered rather than device-centered are needed
to establish the real effectiveness of existing technologies. |

Status statement 11: While limited research suggests that tactile feedbuck may be more
beneficial for learning some speech skills, and visual feedback more beneficial for learning
other skills, there is a significant lack of understanding of which skl can be best tiaugh

through which form of feedback.
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Suggestion: Research is needed examining optimal feedback modalities for teaching

various speech parameters.
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Endnotes

1. While recognizing the important role that language plays in this process, the discussion
here will focus on the more limited area of speech development.

2. Even with this d.gree of focus and effort, not every child enrolled in an oral educational
program will develop intelligible speech

3. It will later be suggested that there are few resources available for more top-down
approaches to teaching speech, and that there is a need to ‘examine the efficacy of such
instruction in terms of its impact on language development, and speech learning.

4. No existing system iy able to provide simple and eaxily interpreted teedback during
conrected speech.

5. Clinicians often vary feedback timing by munipulating the display screen--turning the
screen away from the student or asking the chiid to close hisfher eyes ix often the easiest way
of controlling he delay between the nroduction and presentation of teedback.

6. It will later be pointed out that an important consideration in comparing computer-based
and conventional speech teaching procedures ix that instruction be developed that permits
comparison by being able to be implemented uxing both approaches. Thix was not addressed
in this study.

7. While the most recent version of this device ix the SpeeciViewer 1™ to the author’s
knowledge there is no published research on its efficacy.

8. Sales figures for the SpeechViewer are unavailable trom 1BM.

9. This study was conducted using the predecessor of the current, I1BM SpeechViewer ™
device. The current system may have addressed some of the difficulties encountered in this
study (for example, more varied activities are available that might maintain children’s
interest).
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Appendix A

Journals Examined for Present Synthesis

American Annals of the Deaf

Clinical Linguistics & Phonetics

Ear and Hearing

Journal of the Acoustical Society of America

Journal of Rehabilitation Research and Development

Journal of Speech and Hearing Disorders -
Journal of Speech and Hearing Research

Speech Comrmunication

Volta Review
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